
FAO 
PLANT 

PRODUCTION 
AND PROTECTION 
PAPER 



Weed management 

in rice 




5S? 





Food 




nnci 




Agriculture 


Orgaiiiaatloii 


Of 




the 




United 




Nntions 

















I 1 ( Hi •* 1 



Cwers photos: Weeding rice in Viet Nam 
Photos by Nguen Hong Son 



Copyrighted material 



Weed management 
in rice 



FAO 
PLANT 
PRODUCTION 
AND PROTECTION 
PAPER 



139 



Edited by 
B.A. Auld 

and 

K.-U. Kim 



Food 
and 

Agriculture 

Organisation 

ot 

the 

United 
Nations 




Rome, 1996 



The designations employed and the presentation of material in this 
publication do not imply tfie expression of any opinion whatsoever 

on Mae part otIhB Food and AflriciiltiireOfflan^ 
NaHons concairfnQ ttii lasal MMui of any oounky, iHittDfyi tt^ of 
ana or of hi aulhoiHiaat of oonomikiB ttw dilinllalon of Mt 
tfonbara or taoundailM. 



M-15 

ISBN 92-5-103912-7 



All rights toBonvd. No port of IMS piMicalion inay be reproduood. al^^ 
ratrtovai aystsm. or tranainlllad In any form or by aitiy nwanai ataobortk}, 

rriochanical. photocopying or otherwise, without the prior permission of the 
copyright owner Applications for such permission, with a statement of the 
r^urpofe ana extenr n' ihe reproduction, should be addressed to the Director. 
Information Diviston, Foodand AgricuHuraOrganizationof the Unitad Nations, Viale 
dalaTannadlCaiacalla.00100 Roma. Italy. 



© FAO 1996 



WEED MANAGEMENT IN RICE 



Contents iii 


Preface 




ix 


l.kt of Cnntrihiitnrs 


X 


Notes on the Use of the Volume 


xiii 


INTRODUCTION 




Chapter 1. 


WEED CONTROL IN RICE 


1 




R I^hrada 






TNTRODTirTION 


1 




RFFFRFNCFS 


5 


Chapter 2. 


BIOLOGY OF PADDY WEEDS 


7 




K U. Kim and K.I I. Park 






INTRODUCTFON 


V 




RTOLOnV OF THF MOST IMPORTANT PADDY WFFDS 


9 




Tropical Areas 


9 




Temperate Areas 


17 




ECOLOCtICAL ASPFCTS 


22 




Allelopathy 


22 




RFrFRFKTFS 


?2 


WFFD rONTROl . TFCIINOI OHY AND FrONOMir ASPFCTS 




Chapters. 


WEED CONTROL TECHNOLOGY AS A COMPONENT OF RICE 






PRODUCTION SYSTEMS 


25 




S.K. De Datta and A.M. Baltazar 






INTRODUCTION 


27 




WEF.D CONTROL MFTHODS 


30 




Indirect MethcKis 


10 




Direct Methods 


37 




Integrated Weed Management (IW'M) 


42 




FUTL'RI-: CONTROL OPTIONS AND Rr-SFARCH CHAI.LFNGFS 


44 




Weed Ecology' 


44 




Molecular Biolog\' 


44 




Competitive Cultivars 


44 




Allelopathic Cultivars/ Allelochemicals 


45 



iii 



Herhicide-Rp<;ist?int Rice 45 

Participatory/Interdisciplinary Research 46 

rONCMISION 46 

RFFFRFNCFS 42 

Chapter 4. ECONOMIC ASPECTS OF WEED MANAGEMENT IN RICE 53 

S. Pandey and P L. Pingali 

INTRODUCTION 55 

A BRIEF RF.VIFAV OF WEED MANAGFMENT PRACTICES S5 

A N ECO NO MIC MODEL O F W EHD MA N AGE M E NT 52 

EVOLVING TREND TOWARDS INCREASED HERBICIDE USE 61 

INTFR-FARM DIFFFRFNCFS IN WRFD CONTROL \fFTl-IODS 62 

ENVIRONMENTAL AND HEALTH CONSEQUENCES OF 68 

HFRRTrrnFTJSF 

POLICY AGENDA FOR WFFn MANAGFMFNT AND HFRRICIDF 62 

USE 

Judicious and Safe Use of Chemicals 62 

Tariffs/Taxes 2Q 

ASPECTS OF INTEGRATED WnPFD MANAGEMENT 2Q 

CONCLUSIONS 21 

REFERENCES 22 

WFFn MANACFMFNT TN nrFFFRFNT RICF CIII TURFS 

Chapter 5. WEED MANAGEMENT IN TRANSPLANTED RICE 75 

Ze-Pu Zhang 

TNTROnUCTTON 22 

PRFNCIPt FS OF INTFGR ATFD WFFD MANGFMFNT IN 21 

TRANSPLANTED RICE 

WT:ED MANAGEMENT TN RICE SEEDBEDS 22 

WFFD MANAGEMENT IN TR ANSPf ANTRD RTCF FIELDS 8Q 

CHENnCAL CONTROL IN DIFFERENT WEED POPULATIONS 81 

REFERENCES 85 

Chapter 6. WEED MANAGEMENT IN UPLAND RICE 87 

K Moody 



INTRODUCTION 



YIELD LOSS 




CRITICAL PERIOD OF COMPETITION 


89 


WFFD CONTROI . METHODS 


90 


Burning 


90 


Cover Crops 


90 


Desiccation 


91 


Land Preparation 


91 



iv 



Plougliing Depth 91 

Stale Spedhed 2J 

RlinH Ciiltivatinn 21 

Cultivar Grown 22 

Canopy Closure 92 

Seeding Rate 92 

Intercropping 92 

Alley Cropping 93 

Fertiliser Application 93 

Manual Weeding 94 

Inter-row Cultivation 24 

Crop Residues 94 

Herhicidfis 94 

CONTROL OF SI'RIGA SPP 25 

RFFFRFNCFS 25 

Chapter 7 WEED MANAGF,MENT 1\ DIRECT SEEDED RICE 99 

Nai.Kin Hn 

INTRODl I CT ION mi 

AGRONONnC PRACTICES mi 

Land Preparation 101 

Seeding Rates 102 

Fertilizer Application 103 

WATER MANAGFMFNT mi 

MANI JAT ANn MFCHAKTCAI WFFniNC, m. 

CHENflCAL CONTROL 105 

INTFfiRATFD WFFn MAKAGFMFNT m 

FimmF NFFDS TK RFSFARCH AND TFrilNOI .nCY m7 

DFVFI.OPMFNT 

Biological Characteristics of Weeds 107 

Yield Loss Assessment UH 

Biological Weed Control 107 

Fan-ners' Perception 107 

Herbicide Development 108 

RFFFRFNCF.9 mS 

Chapter 8 WEED MANAGEMENT IN DEEPW ATER RICE 111 

P. Vonusaroj 

INTRODUCTION m 

DEEPWATER RICE LL5 

W ELDS m 

\fFTHOn.<; OF WKFi:) rOX'TROI. Uh 

Prevention LL6 

Cultural Methods 116 

Manual Weeding 119 



V 



Biological Control 119 

Chemical Control LIS 

CONCT i I.^TON 12Q 

REFERENCES . 12Q 

WEED MANAGEMENT PRACTICES TN PFFFERENT REGIONS 

Chapter 9. PRESENT STATUS AND PROBLEMS OF WEED MANAGEMENT 

TNRrCF IN SOUTH ASIA m 

R.K. Malik and B.T.S. Moorthy 

TNTROniJ CT ION 125 

I.AND USE PATTERN 125 

WFFn FT OR A 122 

WEED-CROP CONfPETITION 12& 

WEED MANAGFNfENT UQ 

Preventi ve Methods UQ. 

Physical Methods 130 

Cultural Methods 132 

ChRmiral Weed CnntrnI LM 

CONTROL OF AQUATIC WEEDS 136 

CONTROL OF \\7LD RICE m 

REFERENCES HZ 

Chapter 1 0. WEED MANAGEMENT IN RICE IN THE NEAR EAST 141 

S M H3<!<;an anH A N Ran 

TNTROniJCTION 143 

WFFn FT OR A 144 

Shifts in Weed Floras 144 

CROP YTELO LOSS ASSESSMENT 145 

THRESHOLD LEVELS 146 

METHODS OF WFRD rONTROI . 146 

Preventive 146 

Cultural Methods 146 

Physical Methods of Weeding 148 

Herhirides 14Q 

Allelopathy 152 

FUTURE WEED MANAGEMENT RESEARCH TN THF. NF.AR EAST 

ACTCNOW^ EDCEKfENTS L53 

REFERENCES 153 

Chapter 1 1 WEED MANAGEMENT FOR RICE IN LATIN AMERICA 

AND THE CARIBBEAN 152 

A.J. Fischer and G. Antigua 

INTRODUCTION [ 152 

vi 



RHT.EVANrR OF WFF.nS IN RlC.E 159t 

Increases in Production Costs 159. 

Hosts nf Pfists 152 

Ease of Harvest and Grain Quality 152 

Social Costs 152 

Aquatic Weeds 16Q 

Rice-Weed InterTercnce 160. 

RTCF AGROFCOSY.STFMS AND IMPLICATIONS FOR WEED 161 
MANAGEMENT 

Irrigated Rice 161 

Rain-fed and Upland Rice 162 

RED RICE 12Q 

TNTEGR ATTON OF AI TFRNATIVFS; FOR WEED MANAGENTENT 122 

rONCT.nSIONS 126 

REFERENCES 176 

Chapter 12. WEED MANAGEMENT IN RICE IN AFRICA 181 

K. Ampong-Nyarko 

TNTRODTICTION 1S2 

UPLAND RICE 183 

Weed Prc^hlems LSI 

Control Methods 1S3 

RAIN-FED LOWLAND RlCl- LS5 

Weed Problems LS5 

Control Methods 1&5 

DFFPWATFR RICF 1S6 

Weed Problems 1S6 

Control Methods 1B6 

IRRIGATED RICE L87 

Weed Problems 1S2 

Control Methods LS8 

ENVTRONMENTAl 1 Y ST JSTAINARI E WEED MANAGEMENT m 

REFERENCES 182 

HERBTCIDE RESISTANCE 

Chapter 13. HERBICIDE RESISTANCE IN RICE: STATUS. CAUSES AND 

PREVENTION 131 

J. Gressel and A M. Baltazar 

INTRODUCTION 125 

Changes in Weed Spectrum vs. Resistance 195 

FACTORS GOVT.RNTNG THE RATE OF EVOLI JTION OF 122 

RESISTANCE 

Factors Modulating Evolution uf Resistance 197 

Integrating the Factors into Models 200 



vii 





Negative Cross Resistance in Rotations to Delay Resistances 


202 




Mixtures as Tools to Delay/Prevent Resistance 


204 




Criteria for Using Mixtures 


204 




THE RESISTANCE SITUATION 


207 




The Situation in Crops Other than Rice 


207 




Resistance in Rice 


210 




HERBICIDE USE PATTERNS IN RICE 


214 




Patterns in Highly Developed-High Herbicide Use Countries 


216 




Areas with Intermediate Use Patterns 


223 




Areas with Extensive Herbicide Use 


224 




PROGNOSES FOR RESISTANCE 


225 




Prognoses for Particular Herbicide Groupings 


226 




Prognoses for Resistance to Widely Used Herbicide Mixtures 


229 




Weeds Most Likely to Evolve Resistance 


229 




CONCLUDING REMARKS 


230 




ACKNOWLEDGEMENTS 


231 




REFERENCES 


231 


Chapter 14. 


THE ECOLOGY OF RICE WEEDS - AN OVERVIEW 


239 




A.M. Mortimer 






INTRODUCTION 


241 




The construction of a W^eed Flora - Ecological and Evolutionary 






Perspectives 


241 




Population Ecology 


242 




Temporal Processes 


244 




Spatial Processes 


246 




Weed Community Dynamics 


247 




Weed Management Practices and Population Ecology 


248 




Concluding Remark 


248 




REFERENCES 


248 


rONCLIISlON 




Chapter 15. 


THE NEED FOR INTEGR.\TED WEED IVUNAGERfENT 






IN RICE PRODIirriON 


257 




R Lahrada 






INTRODUCTION 


259 




MAJOR WRFD SPECIES IN RICE 






LOSSES CAUSED BY WEEDS AND WEED COMPETITION IN 


:>(S() 




RICE 






INTEGRATED W^ED MANAGEMENT 


2(S2 




Components of integrated weed management 


262 




REFERENCES 


270 



viii 



PREFACE 



Weeds are a major proUem in rice crops, no matter where they are grown and no matter what 
prodiiGtioa system is used. Thistxxilc surv^s the current status of weed management under various 
systems aromid the world. Although this has inevitabty led to some repetition, each chapter stands 
alone and can be read independently of the other chapters. 

Throughout the book, the emphasis is on an integrated ajiiiroach to weed management. The 
dangers of relying on a single chemical method for instance are highlighted in chapter thirteen. 

The book is dmed at researdi woricers^ extension officers and development agents with 
responobilily fiir assistir^ firmers with weed problems in rice. 

On behalf of FAO, the editors sincerely thank all the autliors for their etforts towards this volume 
and Mrs. Heather Smith and Ms. Maree Graliam who assisted in the preparation of the final 
camera-ready copy. 

Bnice A. Auld Agricultural research & veterinary Centre, Orange, Australia. 
Kil-Ung Kim Kyuqgpook National University, Ta^, Republic of Korea. 
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and/or Weed Sckaice Society of America* and as listed in the journals Weed Absbicts and Weed 
Sdenoe leapecttvdy. The oocasioiial use of trade names is for daritjr and infos no specific 
endorsement. 

Herbicide uses and dose ranges. The indications of herbicides and dose ranges for use against 
particular w^ds or in particular crops, in tables or in the text, are for guidance only and do not 
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recommendations and regulations before any use by fermers. Does, unless otbeiwise uvficated, are 
in tenns of kg active ingredient per hectare. 

]>isdaimer. The views and interpretations in this publication are those of the authors and should 
not be amftuted to FAO or any other orgaiuzation 
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WEED CONTROL IN RICE 



R. Lakada 

INTRODUCTION 

Rice is the leading cereal crop in die woiid. One ^ird of the world':> pupulation depends on rice 
for nearly two thirds of its food. In densely populated areas of Asia rice is the main food. Rice 
is grown in more than 146.S million hectares and is mainly produced by two principal methods: 
direct-seeding and tran^lanting. 

Wcxid rice productkin readied S27.8 million tonnes in 1992 of which 95% was produced in the 
developmg world. Far East Asia is the leading rice producing region with 91% of world 

production (FAO 1993a). Global output of rice is projected to increase at an annual rate of just 

under 2% to 409 million tons (milled teims) by the yenr 2000, This growth is driven mainly by 
continued improvements in yields through advances in plant technology as well as improvements 
in the application of inputs and irrigation (Yap 1994). 

Altlumghin 1992 rice production increased 1.5% in comparison to 1991 there is a shortage of 
rice in many developing countries, particularly Africa and Latin America, which are still 
compelled to import up to 10.2 million tonnes, worth of USS 2.04 billion fF.\0 l*-)93b). In 
Afiica, lice is expected to continue to increase in importance, pai iialiy displacing staple foods, 
such as roots and tubers, as well as plantains, especially in the urban areas. This trend is likely 
to be the same in Latin America (Yap 1994). 

Rice production increase by expansion of rice areas is only projected in some developing 
countries, particularly Atrica. Therefore production should be increased by increasing the yield 
per unit area, and adapting highl> productive and environmentally viable cropping technologies. 

As Shastry et al. (1994) stated, with growing demand for rice which is staple food and with 
limited opportunities to open up new areas, it has become necessary for many developing 
countries to adopt the intensive crop management with the high yielding and fertiliser responsive 
varieties (HYVs), a movement popularly rtifened to as die green revohition. Yields of intena ve 
rioe production have been plateauing and Hoe resource base supporting rice production has ^own 
signs of accumulated stresses. Concerns about changes in the status of rice pests and diseases^ 
negative impacts on the environment and losses of natural resources ami bitnlix ersity have 
increased. In Asia during the past decade, rice paddy areas in most ot major rice producing 
countries have remained static or even declined 

Weeds are, without any doubt, a major pest and constraint to increasing rice production. Weeds 
interfere with rice growlh in different ways: a) by competing for light, nutrients and water; b) 
living or decaying weeds can secrete toxic root exudates or leaf leachates which depress the 
normal giowtli of the rice plant; c) high weed density creates a habitat for growdi of various pest 
oiganisms (insects, nematodes and pathogens) which adversely affect rice production; d) weeds 
demand high labour inputs for control, i e nearly .^0% of the required labour; and huge crop 
losses may take place in rice fields with high weed infestations which prevent normal harvesting 
operations. 

Weed control is earned out through die implementation of various control methods, among them 
land prqparation. Improved land preparation should serve to reduce weed density, but also to 
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prevent soil erosion and to conserve water, particularly in upland rice. Therefore weed 
managem^t practices should be fully compatible with water and soil conservation procedures. 

Besides that it is well known that weeds are a goider issue: many women and children spend 
considerable latwnr time in weeding^ and rice crops are no exoqption. Inpxyved weed 
management should aim to reduce labour inputs for weed control in general. 

The use of herbicides rapidly developed in rice shortly after World War II and many people 
believed that herbicide appUcatioti would be the main solution to weed control in this crop. Life 
has shown that althou^ herbicide use has increased productivity there are still several weed 
problems unsolved by heifoicides commonly af^lied in rice. 

The shift of rice production from transplanting to direct-seeding has led to the predominance of 
various difficult to control weeds, many of than closely related in biology and morphology to 
rice, such as red rice weed. Weed species of die EtAbiodiloa ccnnplex are sdll a major problon 
in nearly all rice producing countries, herbicide applications do not alwa^ reach the required 
control level for these weeds and certain species are beocuning resistant to currently uaed 
compoimds. 

In addition, many fanners spray herbicides without any knowledge of time of applicaticm, 
COT^ct dosage and safety measures, they also lack machinery and properly maiiitained spraying 
nozzles. The sum of all this reduces rice yields, pollutes water, soil and surrounding wildlife. 

The integrated weed management approach is an urgent requirement lor improvement of rice 
production. It is not possible to expect efficient weed control solely by practising chemical 
control. Various preventive, cultural, physical, diemical and, periups, biological mediods should 
be rationally integrated to achieve the desired weed control. Integrated weed control mediods 
should reduce the actual production cost and minimise environmental pollution. 

In die concluding session of die furst Intemadonal CcMiferettce on Temperate Rioe- 
Achievements and Potendal^ held at Leetoo/Yanco, New South Wales, Australia, 21-24 
February 1994, die participants of this event agreed to give more researdi efforts to various 
problems, among them weed management. 

Considering the importance of rice production in developing countries FAO has decided to 
publidi diis volume ^ch gadiers valuable infinrnadon r^ar£ng current weed control practices 
in different regicms of the world, describes their advantages and shortcomings, and recommends 
ways for further improvemmt 

This book can be used by agricultural researchers and extensionists as a guide for weed 
management in rice, as well as a tool fbr training agricultural technicians in mtegrated weed 
management procedures. 

FAO is greatly appreciative of various weed scientists from all over the world for their kind and 
valuable technical contributions and, in particular, to the editors, Dr B. Auld and Dr K.U. Kim 
for thdr patience and dedication to edit diis book. 
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BIOLOGY OF PADDY WEEDS 



K. U.Kim and K.H. Park 



INTRODUCTION 

The biology of weeds is (xmcemed wiA didr establishment, grow^ and rapToducti<m. 
Environmental factors have a remarkable impact on all tfiese processes. The most important 
fisctors governing life of species are heredity and mvironment. Heredity determines growth 

potential, repnxluciive methods, and life span. The environment detennines the extent to whidi 
these processes proceed (^Ashton and Monaco 1991). 

The distribution of weeds in paddy fields is largely determined by environmental facttM's 
modified by competition from the rice. Cultural practices also play an important role in 

determining whether a v/ccd species reaches a gi\'en area. Many weeds have a wide 
environmental tolerance and a broad geogi-aphical distribution; some species occur in man-made 
habitats fai outside their normal range. 

Weeds usually emerge foster than the rice plant, absorb available water and nutrients earlier, 

establish their growth earlier and suppress rice growth. In general, an effective weed control in 
the rice fields can be made on the basis of a comprehensive knowledge of the biology, ecology 
and ccophvsiologv of weeds In tropical Asian countries, moderate year-rt)und warm temperature 
and high iiumidity encourage ycai -iound grow th of weeds. On the other hand, many weeds occur 
in temperate countries in association widi hi^ temperatures and high humidity during die 
summer rice growing season. 

Understanding the biological and ecological characteristics of weeds, with emphasis on their 
reproductive potential and competitive ability is a key to establish an effective control methods. 
This chap^ attempts to help people identify and wukastand major weeds in rice paddy fidds 
in tropical and temperate countries. 

BIOI OG\ OF THE MOST LMPORTANT PADDY W££DS 

Tropical Areas 

Echinochloa crus-galli (L.) Beauv. This weed is commonly associated with rice. A»a is 
considered its origin and it is now widely distributed in tropical and subtropical areas of the 
worid. E. cnLs-galli is an erect, ammal, up to 100^200 cm hi^. The stem is stout and spongy and 

the ro(M is thick. L eave^ are up to 40 cm long and 5-15 mm wide. The intlorescence is pinkish 
to purplish occasionally with green spikelets : lowest branches, the longest, occasionally to 10 
cm long, often rebranched and spread at maturity ; spikelets more or less elliptical, pointed, 
3-3.5 mm long, usually slightly hairy ; awns, if present, usually reddish or purpUsh, 2-5 mm 
long. The fruit is acaryopsis about 2 mm long. This weed is propagated by seed and adapted to 
wet soils. Seed may remain dortiiant for months. E. (■n/.v-.t,^//// grows well at soil moisture 
of 80% water-holding capacity md uptitnuin germination occurs at 70-90% of water-holding 
capacity. Seeds can also germinate under water. The growth of this weed becomes increasingly 
poor with increased depth of submergence. One plant may produce 40,000 seeds. Tillers 
profusely gominate diroughout the year. This weed is ecologically similar to rice. During die 
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early vegetative phase, it can be distinguishable from the rice plants by its ligule. This weed is 
very competitive in rice and can reduce yields to zero. The major distinguishing characters 
between E. avs-galli and E. colona are presented in Table I . 

Table 1. The major distinguishing characters between two Echinoc hloa species. 



Characters 


E. crus-fialli Beauv. 


E. colona (L.) Link 


Panicle 


Usually nodding 


Erect 


Rachilla 


Rather close on a rachis, 
more or less branched 


Rather distant on a rachis, 
simple 


Spikelet 


Often not arranged in rows 


Usually arranged in 4 rows 


Awn 


Variable in length 


Awnless 


Stigma colour 


White or red 


Blackish-purple 


Anther colour 


Brown or yellow 


Purple 




Echinochloa colona (L.) Link, is a smooth, tufted annual 30-75 cm high, usually decumbent 
and rooting at the lower nodes, green to purple with an inflorescence of short spikes in an 
alternate arrangement on the main axis. The stem is flattened, often red-purple at the base, 
usually swollen at the nodes. Leaf sheath is smooth, margins free in upper part and basal portion 
of sheath is often tinged with red. Leaf blade is smooth, flat, linear-lanceolate, flaccid, up to 25 
cm long, 3-7 mm wide, sometimes transverse purple bands. The inflorescence of E. colona is 
green to purple, ascending panicle, 6-12 cm long with 4-8 simple, short, compact branches 1-3 
cm long, 3-4 mm wide, ascending or appressed about half their own length apart. Spikelets are 
ovate to broad ovate, acute, 2-3 mm long and crowded into 4 rows along one side of the branch, 
nearly sessile. Fruit, a caryopsis about 1.3-2 mm long. This weed is propagated by seed. In the 
tropics, seed has little or no dormancy and genninates throughout the year when moisture is 
available. E. colona normally grows under dryland conditions ; does not thrive in continuously 
flooded soils. Like E. cnis-galli, young plants resemble rice, which makes hand weeding 
diftlcult early. 

Monocluma vaginalis (Burm. f.) Presl. is a semi-aquatic, broadleaf, monocotyledonous, annual 
weed, 10-50 cm high and the stem is usually inconspicuous and obliquely erect. Leaves are 
2-12.5 cm long and 0.5-10 cm wide, oblong-ovate to broadly ovate, sharply acuminate, a 
heart-shaped or rounded, shiny, deep green in color, with longitudinal veins, petioles soft, 
hollow, 10-20 cm long, growing from buds at the base. The leaf sheath is twisted together at the 
base. The inflorescence is basally opposite the flowers arising as a 3-6 cm spike from a thickened 
bundle, two-thirds of the way up the petiole; pedicels 4-25 mm long. The fruit is a capsule, about 
I cm long, splitting into 3 valves. 




Paspalum distichum L. is an erect or ascending perennial grass, with slender rhizoines and 
extensive stolons forming thick mats. The stem is much-branched, horizontal, giving rise to 
secondary roots. Leaves are flat or folded, 3-12 cm long, 2-6 mm wide usually hairy on the basal 
margins, sheaths loose, keeled, finely hairy towards the top and ligule 0.75-1 .25 mm long. This 
weed has 2 (rarely 1 or 3) terminal erect to spreading spike-like racemes, up to 7.5 cm long, each 
bearing usually solitary greenish to yellowish spikelets in 2 rows along one side. The spikelets 
are appressed, elliptical and the upper glume hairy. The fruit is a brownish caryopsis. It 
propagates mainly by creeping stolons and to some extent, by seed. This weed is found in damp 
or wet situations, in wetland rice and dryland field crops and vegetables planted in bunded fields. 
It is difficult to control because the detached stolon fragments regenerate easily and are tolerant 
of many herbicides. 




Mature plant of Paspalum disiichum 



Sphenocfea zeylanica Gaertn. is an erect, aquatic annual broadleaf that grows to 30-150 cm. 
The stem is .smooth, stout, fleshy, hollow and much-branched. Leaves are simple, spirally 
arranged, oblong to lanceloate up to 10 cm long, 3 cm wide, narrowed to a point at the tip with 
a short stalk and entire margins. The inflorescence has green, cylindrical, dense terminal spikes, 
up to 7.5 cm long, 12 mm wide on a stalk up to 8 cm in length. Flowers are sessile, densely 
crowded, white to greenish and it is about 2.5 mm long and wide. Fruits are flattened, globular 
capsules, 4-5 mm across, splitting transversely. Seeds are numerous, yellowish-brown, 0-5 mm 
long, it is propagated by seed and grows in wet soils, prefering stagnant water. 




Mature plant of Spheiioclea zeylanica 
12 
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Fimhristylis littoralis Gaud (syn. Fimhristylis miliacea (L.) Vahl.) is an erect, annual tufted 
sedge that grows 20-60 cm high. The stem is flattened at the base, strongly 4-5 angled at the top, 
flowering stem 0.6-1 .5 mm thick bearing 2-4 unequal bracts shorter than the inflorescence. Basal 
leaves have broadly overlapping leaf sheaths up to 35 mm long, 1-2.5 mm wide; stem leaves 
have very short blades. The inflorescence is a rather diffuse umbel, 6-10 cm long, 2.5-8 cm 
wide, spikelets numerous, solitary brown or straw-coloured, 2-2.5 mm in diameter. The fruit is 
a pale ivory to browTi achene, 3-angled, 0.5-1 mm long, 0.75 mm wide, three heavy ridges on 
each side. This weed is propagated by seed and adapted to moist soils and areas of occasional 
flooding. It does not establish in submerged soils. 




Mature plant oi' Fimbrisn lis littoralis 

Cyperus iria L. is a smooth, tufted, annual sedge that grows to 60 cm. The stem is shaiply 
triangular. The root is yellowish-red, fibrous. Leaves have sheaths enveloping the stem at the 
base, membranous, with blade linear, lanceolate, shorter than the flowering stem, about 5 mm 
wide. The inflorescence is a compound umbel, with primary rays about 10 cm long, secondary 
rays about 2 cm long, subtended by 3-5 (occasionally 7) bracts. The fruit has a yellowish-brown 
achene, obovate, triangular in cross-section, 1-1.5 mm long. This weed is propagated by seeds, 
which may be dormant but can germinate about 75 days after shedding. It grows well in moist 
to wet soil, in dryland annual crops and plantation crops. It is a prolific seed producer and 
spreads quickly. 




Mature plant of Cypenis iria 
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Cyperus diffonnis L. is an erect, smooth, densely tufted annual sedge that can grow as tall as 
75 cm. The stem is sharply triangular at the top; 1 -4 mm thick. Roots are numerous, fibrous and 
reddish. There are 3-4 basal leaves, with tubular sheaths, united at the base, the lower ones are 
straw-coloured to brown. The blade is rather flaccid, linear, abruptly acuminate, smooth, usually 
shorter than the flowering stem, 10-40 cm long, 2-3 mm wide. The inflorescence is a dense, 
globose, simple or compound umbel, 5-15 mm in diameter, subtended by two to four (usually 
three) leaf-like bracts 15-30 cm long and 6 mm wide. Primary rays of the umbels are 2-4 cm 
long; secondary rays about 1 cm long, some sessile, some long peduncled. Fruits are brownish 
achenes, elliptical to slightly obovate, lightly pitted, about 0.6 mm long. This weed is normally 
propagated by seeds and adapted to moist lowland soils or flooded areas. It is a heavy seed 
producer and can complete one life cycle in about 30 days. Through high seed production and 
short life cycle, this weed can spread rapidly to become a dominant weed in a rice field. 




Mature plant of Cypenis dijjdnnis 

Ludwigia octovalvis (Jacq.) Raven, is a stout, coarse, sometimes woody bi-annual aquatic 
broadleaf shrub weed that can grow to 100 cm tall. Its stem is erect, much-branched, glabrous 
to densely hairy. Leaves are simple, alternate, lanceolate to ovate, 6-15 cm long, 4 cm wide. 
Inflorescence is a solitary, axillary, sessile; petals yellow, broadly ovate or cuneate, 1-1.5 cm 
long, 2-7 mm wide. The fruit is green or purplish, cylindrical to somewhat club-shaped, 4-celled, 
thin walled, 1 .5-4.5 cm long, 2-8 mm wide with 8 ribs; several rows of seeds are in each cell. 
This weed is propagated by seeds, some of which germinate immediately in wet or flooded soils. 
It grows in wet and aquatic conditions and it is very competitive with rice. 




14 



Pistia stratiotes L. is a free-floating, stoloniferous, monocotyledonous perennial with long 
feathery roots, bearing small plants (off-shoots) at the end of each stolon. Leaves are pale green, 
overlapping, wedge-shaped, succulent, up to 10 cm long and 5 cm wide, covered on both 
surfaces with numerous fine hairs, forming a rosette about 15 cm in diameter on a short stem 
axis. Older leaves have a conspicuous, ovoid swelling filled with spongy parenchyma on the 
lower surface. Prominent veins are arranged in a fan-like manner. The inflorescence is composed 
of inconspicuous flowers: small, green; suiTounded by green tubular spathes arising in the leaf 
axis in the centre of the leaf whorl. Fruits are green berry-like, slimy, rupturing irregularly, 
containing 4-12 brown seeds. Seeds are oblong, tapering towards the apex, 2-2.5 mm long, with 
a thick regulose seed coat. This weed is propagated by seed and grows in wetland rice. 




Mature plant of Pistia stratiotes 

Leptochloa chincnsis (L.) Nees. is a strongly tufted annual grass which grows 30-120 cm high. 
The stem is slender or somewhat stout, erect or ascending from a branching base. Leaves are 
linear flat, acute, thin, membi^anous, rough on the upper surface, sometimes reddish or purplish, 
10-30 cm long, 4-9 mm wide, ligule 1-2 mm long, deeply divided into hairlike segments. The 
inflorescence is a narrowly ovate panicle with the main axis 10-40 cm long, branches and 
simple, numerous, spreading, 5-15 cm long, spikelets 2-7 flowered, pedicels 0.5-0.75 mm long, 
appressed or erect, pale green or reddish. Fruit of this weed has a caryopsis, ellipsoid, 0.8 mm 
long. This weed is propagated by seed and grows commonly in wetland rice. 




Mature plant of Leptochloa chinensis 
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Cyperiis rotundas L. is an erect, rhizomatous, tuber-forming perennial sedge which can grow 
as tall as 75 cm. The stem is slender, three cornered, and tuberous at the base. Leaves are flat, 
gradually acuminate, dark green above, light green beneath, 2-6 mm wide, lower sheath reddish 
brown. The inflorescence is a simple or compound spike up to 15 by 10 cm, usually much 
smaller. Involucral bracts usually 2-4x as long as or overlapping the inflorescence, extending up 
to 30 cm. Primary rays 3 to 9, very unequal, obliquely erect to spreading, slender and up to 10 
cm. Spikes are ovoid, loose to rather dense with a glabrous rachis. The spikelets are spicately 
arranged, linear acute, strongly compressed, with 10-40 flowers, sometimes strongly accrescent 
and may contain as many as 100 flowers. Seed is an achene, ovate or oblong-ovate, 1.5 mm 
kmg, 3 angled, blackish when ripe. This weed is propagated by rhizomes, tubers and seeds and 
grows in dryland field crops, plantation crops and vegetables. 




Mature plant of Cypeivx rotundus 

Scirptis maritimus L. is an erect perennial sedge with stout, tuber-bearing rhizomes. The stem 
is slender, 3-angled, up to 1 m high and underground stems are 3-6 mm thick, black-brown 
terminated by a globose tuber, covered with blackish, thick, membraneous scales. Stems grow 
rapidly during early rice growth and may severely shade semidwarf rice cultivars during the first 
40 days and tubers have dormancy. Spikelets of this weed are 1 to many, ovate to cylindrical, 
10-35 mm long, some or all sessile, often single or clustered, notched at the top, and the midvein 
extended into a curved awn 1-3 mm long. Fruit is an achene, obovate, 2.5-3.0 mm long, 2-2.5 
mm wide. This weed is propagated by tubers and seeds and is very competitive in lowland rice. 
It is difficult to eradicate because of dormant tubers and buds. 




Mature plant ot'Scirpus maritimus 
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Temperate Areas 

Echinovhha oryzicola Ohwi and Evhinochhta crus-galli P. Beauv. These are erect annual 
grasses which grow 50-100 cm high, usually close-tuftcd, in wetland rice fields. These two 
species can be distinguished by the length of the first, lower, empty glume, being half to slightly 
more, than the length of the spikelet for E. oiyzk olu and one third to less than one half the 
length of the spikelet for £. cnts-galli (YJ^xw 1994a). The stem is stout, erect to decumbent, often 
branching ft-om the base. The colour of stem is light green. Leaves are acuminate and leaf sheath 
is glabrous. The inflorescence is usually narrow pyramidal, 10-15 cm long. These weeds are 
propagated by seeds and grow in wetland rice. The seed of E. oiyzicola has a strong shattering 
habit when mature. Just after removal from the panicle, they obtain primary dormancy and do 
not germinate even if suitable conditions occur. Seed dormancy is cau.scd by the caryopsis itself 
and not glumes. Dormancy breaking is influenced by many factors such as temperature, soil 
moisture and gas. Optimum germination is at 30 to 35 'C. The lower limit is 10 to 15 °C and 
higher limit is 45 C. 




IMioto of tcliinochloa oiyzicola 

Monochoria vaginalis (Burm. f.) Presl. is an annual aquatic monocotyledonous plant. It grows 
as tall as 10-30 cm with a glabrous, shiny appearance. Stem is usually inconspicuous, obliquely 
erect. Leaves are narrow at the early stage and 6-8th leaves are oblong-ovate to broadly ovate, 
the base heart-shaped or rounded, shiny, deep green in colour. Flowers are basally opposite the 
sheath of the floral leaf, violet or lilac-blue. This weed is propagated by tiny seeds, which are 
oblong, about 1 mm long. The plant height, number of leaves and dry weight of A/, vaginalis are 
greatly affected by the seeding time. Earlier seeding dates produce significantly greater plant 
height, more leaves and dry weight than those of later seeding dates. Earlier seeding dates result 
in earlier flowering, but the inter\al between dates of seeding and flowering decrease 
progressively as the seeding times are delayed (Park and Kim 1987). 




Photo of Monochoria \ a};^inalis 
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Eleocharis kuroguwai Ohwi. is an erect, tuber-forming perennial. Plant height, number of tillers 
and top fresh weight per m" are 50-90 cm, 500-875 and 175-750 g, respectively. E. hirogiiwai 
flowers from August when it is planted in May at Suwon, Korea. The maximum percent 
sprouting of E. kitrogiiwai is less than 60% until 50 days after incubation. This means the tuber 
of E. kurognwai has dormancy. This weed propagates only by vegetative propagules. It bears 
several lateral buds in addition to one apical bud. This apical bud is dominant over lateral buds, 
but if removed, the remaining lateral buds readily sprout. This weed forms tubers deep in the soil 
. These propagules die when the temperature falls below -5 to -7 ""C and cannot survive under 
dry conditions. Vegetative propagules with a water content of about 70% die when their water 
content decreases to 30%. For sprouting of this weed, the minimum temperature is about 10 °C, 
the optimum temperature is 30-35 "C and the maximum temperature is 40-45 "C, respectively; 
the tuber can sprout even under upland soil moisture conditions. 




Photo of Eleocharis kiirogi(wai 

Sagittaria trifolia L. is a fleshy, broadleaf perennial weed, 70-90 cm high. Leaf shape is an 
arrow 25-45 cm long. The stem is obliquely erect. It is propagated by seeds and tubers. Seed 
have dormancy. Each tuber of S. trifolia has only one bud on the top and if this bud is removed, 
the plant withers. S. trifolia forms its tuber in a deep position in the soil and survives there for 
several years. The tubers germinate between 15-40 "C. The optimum temperature range for basal 
emergence is 25-30 °C. 




Photo of Sagittaria trifolia 
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Sagittaria pygmaea Miq. is a fleshy, semiaquatic, broadleaf, perennial weed, 8-15 cm high, with 
a glabrous, shiny appearance. The stem is usually inconspicuous, obliquely erect. Leaves are 
0.5-0.8 cm wide and 8-15 cm long, shiny, deep green in colour with longitudinal veins. This 
weed produces seeds and tubers and is mainly propagated by tubers. The inflorescence has 30-50 
fruits per plant with 350-420 mg weight per 1000 seeds, 2.3-0.5 cm long. Flowers are white, 
whorled in threes in a raceme-like panicle inflorescence. S. pygmaea is one of the most dominant 
perennial weeds in paddy fields in temperate countries like Korea and Japan. The stage at which 
rice plants are most affected by this weed is from 31 to 37 days after transplanting ( Lee and Guh 
1982). 




Photo of Sagiltaria pygmaea 



Cyperus serotinus Rottb. is an erect rhizomatous, tuber-forming perennial, 50-100 cm high. The 
inflorescence is a compound umbel supported by an involucral bract of leaves. The fruit is an 
achene. This weed repi^oduces mainly through tuber formation and rarely reproduces by seeds. 
The tuber is nondormant under low temperature conditions. Unlike other perennial weed species, 
this weed requires high oxygen for germination. Rhizomes produce more in high nitrogen 
concentrations while there is less production under low light. 




Photo of Cypenis serotinus 
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Ludwigia prostrata Roxb. is an erect annual broadleaf weed, up to 30-60 cm high. Stems are 
erect, smooth, many branched, and reddened, but are often tufted fi^om base. Leaves are 
lanceolate and alternate, having in their axil small yellow sessile flowers. The stem colour is red. 
Leaf colour turns into red from green at the late growing stage. This weed is propagated by 
seeds, 0.9-1 mm long. Capsules are slender and cylindrical. 




Photo of Ltulwigia prostrata 



Potamogeton distinvtus Beiin. P. disiinctus is a floating, fleshy, broadleaf perennial weed, with 
a glabrous, shiny appearance. An aquatic perennial thai grows in rice paddies, ditches, canals, 
marshes and ponds; common throughout Korea, it propagates by rhizomes and seed, but it 
spreads mainly by fast growing rhizomes and multiplies mainly by excised stems and 
overwintering scale-buds, formed several per rhizome. It grows from May to October and 
flowers in July to August. Deep and'or prolonged flooding promote growth. It competes strongly 
with rice lowering yields and impeding water flow. It is rather difficult to control due to deep 
distribution of rhizomes in the soil and strong ability for regrowth. Stems are simple or 
short-branched. Floating leaves are long petiolcd, alternate, lance-oblong to lance-clIiptic. 
Submerged leaves are short-petioled, alternate, pellucid and thin, linear-lanceolate. Elongated 
flower stalks bear densely flowered spikes borne axillary from the stipules of floating leaves. 




Photo of Potamngt'ion distinctus 
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Aneilema japonica Kunth. is an erect, broadleaf annual weed, 20-40 cm high. This weed is 
creeping during early growth. Seedlings are difficult to distinguish from bamyardgrass but 
petioles and leaf tips arc lanceolate. Leaf sheaths have hairs. Stem colour is dark purple violet. 
This weed is propagated by seeds. 




Photo of Aiieilt'nia japunica 



Scirpus juncoides Roxb. var. hotarui Ohwi. is an erect annual weed, 20-70 cm high. Seeds 
germinate at 13-14 ""C but it cannot genninatc under dryland conditions. It flowers at 40-50 days 
after germination and ripens 1 month after flowering. S. juncoides produces seed, 2.0-2. .3 mm 
long, 1.6-1.7 mm wide and 0.8-0.9 mm thick and is propagated by seed. Seeds require light for 
germination. This weed is very difficult to distinguish from Eleoclwris hirogtiwai at the 
vegetative stage . Leaves have very short blades. The stem is flattened at the base, strongly 
angled at the top. The .seed is normally germinated at 25-35 "T with percentage germination of 
10-25%. This weed readily germinates at 1 cm water depth on 1-1.5 cm soil depth but there is 
no appreciable germination 3-5 cm soil depth (Guh and Huh 1986). This weed has dormancy 
which is broken by low temperature under moist conditions. 
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ECOI OCir AL ASPECTS 

Diamaiic changes in practices such as a switch from manual to chemical weed control, from 
conventional tillage to no-till, or from transplanted to direct seeded rice, can lead to weed species 
shifts or replacements (Weaver 1994). Intense use of hettncides in rice growing countries like 
Japan, Korea and Taiwan has created weed shifts torn annuals to perennial weeds. However, 
switch from transplanting to direct seeded rice leads to dominance of grass weeds, 
particularly £c/i/ii0cA/oa spp. (Kim 1994b). 

In 1971 in Korea, the dominant weed spedes in lowland rice fields was Ekocharis acicularis 
and then Monochoria vaginalis in 1981 and Sagittaria trtfolia in 1990 (Kim 1993). The shift of 

dominant weed species in paddy fidds has been mainly influenced by die heri)icides applied, 
followed by changes in cultural practices, such as fertilizer and watMT management, change in 
rice variety and abandonment of the double cropping system. 

Allelopathy. 

Dilday etalA\'^\) reported that 347 accessions ftom the USDA/ARS rice germphism collection 

exhibited allelopathic activity to Heteninfhtra limnsa (Sw.) Willd.. Fujii (1992) reported 189 
rice cultivars for allelopathic activity using lettuce as the a.ssaay crop, and found distinct 
differences between cultivars. improved japonica cultivais showed little allelopathic activity, but 
traditional javanica rice cultivars and red rice showed strong activity. Lin er a/. ( 1 993) found that 
six allelopathic rice lines reduced the dry weight of aquatic weeds from 93 to 99% compared 
with Rexmont, a cultivar having no allelopathic activity. Rice husks showed high potential for 
allelopathic activity to enable control of paddy weeds in Korea (Park et al. 1993). 

It may not be possible to identify rice vaneties with allelopathic properties against all rice weeds. 
However, alldopathic substances for sudi weeds may be produced by odier plant siwcies. Oenes 
responsible for such alleloch^cals may be transfoimied in to inq>roved rice through genetic 
U-ansformation (Khush 1994). 
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WEED CONTROL TECHNOLOGY AS A COMPONENT OF RICE 

PRODUCTION SYSTEMS 

S. K. De Datta and Aurora M. Baltazar 

INTRODUCTION 

Rice is grown on 148 M ha in 1 1 1 countries in the world; most in Asia (90%) and the rest 

(10"<i) in the Americas, Africa. Australia and Europe (De Datta 1981). The wide variation in 
geographic, socio-economic, and agro-climatic conditions in these areas has produced an equally 
diverse and contrasting extremes of rice production and weed control technology ranging from 
purely manual methods in less than 1-ha land in Asia to high-energy input technology in 500-ha 
farms in the Arnicas. Altfiough numerous factors influence weed control in tiiese areas, the 
two most important fact(WS are: 1) water management systems, and 2) planting or stand 
establishment method. These systems or practices largely determine the dominant weed or weed 
groups, the natui e of rice-weed competition, and consequently, the nature of control methods 
and the extent to which these arc practised. 

A semi-aquatic annual grass, rice, thrives and yields best when flooded for two-thirds or all of 
its life cycle. Rice production systems are thus classified according to availability of water as: 
1) irrigated, 2) rain-fed, 3) flood-prone or deepwater, 4) dryland or upland. According to 
establishment method, rice is either; 1) transplanted as 8 to 35-day old seedlings mto puddled 
soil; 2) broadcast or drill-seeded into dry soil; or 3) broadcast as pregerminated seeds onto wet 
(puddled) soil. 

Of the world's rice area. 5.^" o is irrigated. 27% rain-fed, 8% deepwater, and 12% upland rice 
(Table 1 ). One-hundred percent of rice in U.S., Europe, and Australia is ungated. In Asia, only 
half of the rice area is irrigated, the rest is rain-led lowland and some is deepwater or upland 
areas. In Latin America and AfHca» about halfofdie rice area is upland rice, a third is irrigated 
while tfie rest are rain-fed lowland or deqpwater. Direct-seeding (dry or wet-seeding) is the only 
establishment method in the Americas, Africa, Australia, and Europe. In Asia, more tfuui 90% 
of rice is transplanted, with a trend towards Increasing use of wet-seeding. 

Submergence, which suftpresses weed growth and the use of seedlings which have a head-start 
over germinating weeds, provides irrigated transplanted rice widi tiie greatest competitive edge 

over weeds compared with irrigated seeded rice, which emerges and grows at die same time as 
weeds. In seeded rice, absence of floodwater in dry-seeded or upland rice makes it less 
competitive than rain-fed or irrigated (seeded) rice. Among the rice ecosystems therefore, 
greatest weed pressure and competition occurs in upland rice than in dry- or wet-seeded irrigated 
or rain-fed lowland rice and least in irrigated <x rain-fed lowland transplanted rice. Because of 
assured water supply, less weed competition and other favourable growing conditions, highest 
yields are obtained wnth irrigated (seeded or transplanted) rice. Lower yields are obtained with 
rain-fed rice because of uncontrolled water sii[iply, weed competition, and other unfavourable 
growing conditions. Least favourable conditions, greatest weed competition, and highest risks 
are found in deepwater or ujdand ric^ conaequendy, tfiese rice systems provide the lowest yidds 
(Table 2). 

Unlike the breeding for new cultivars, application of fertiliser, or provision of optimal water 
supply, the best weed control can only prevent yield loss but can never raise yields beyond the 
potential set by die cultivar or by yidd-increasing inputs (De Datta and Herdt 1983). Farmers 
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Table 1. Distribntton of rice area according to water management regimes, 1991. 



Region brigated Rainfed Flood prone Upland 

lowland (deepwater) (dryland) 

xlOOOba 



Asia 


73943 


(55)* 


38753 


(29) 


10016 


(8) 


10539 


(8) 


Latin America 


2042 


C33) 


427 


(7) 


U2 


(2) 


3686 


(59) 


Africa 


1107 


(17) 


1373 


(21) 


1327 


(20) 


2800 


(42) 


USA 


1113 


(100) 


0 


(0) 


0 


(0) 


0 


(0) 


Australia 


89 


(100) 


0 


(0) 


0 


(0) 


0 


(0) 


Rest of World 




(SSi 


0 


( 0 ) 




1 0) 


0 


0 ) 


World lulal 


79206 


(53) 


40553 


(27) 


11455 


(8) 


17152 


(12) 



" Numbers in parenthesis indicate % of total rice area in the region. 
(Source: Anon. 1993) 



Table 2. Average yield of world's rice-growing areas, 1991. 



Region 




Average yield (t/ba) 




Region 




Irrigated 


Rainfed 


Floodprone 


Upland 


average 
(t/ha) 


Asia 


4.9 


2.3 


1.5 


LI 


3.6 


Latin 
America 


S.O 


2.4 


1.8 


1.6 


2.8 


Africa 


5.0 


2.1 


1.3 


1.0 


2.0 


USA 


6.3 








6.3 


Australia 


8.2 








8.2 


Rest of 

WiMid 


4.9 






1.0 


4.4 


VVorid 
Average 


4.9 


23 


1.5 


1.2 


3.5 



(Source: Anon. 1993) 



seem to adjust the intensity' of weed control according to the potential productivity of the crop 
and apply more intensive weed control inputs where yields are high. The yield potential then and 
not the intensity of weed pressure, determines the degree of weed control inputs applied into the 
various rice ecosystems. Thus, maximum input, induding those related to weed ocmtcol, are 
^plied into irrigated rice and less in|»it into rain-fed lowland, deepwater or upland rice. In 
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Asia, greatest weed control inputs are applied into irrigated transplanted rice than in direct 
seeded rice (which is either rain-fed or irrigated), while negligible or no weed control input is 
applied in deepwater or upland rice. This, in spite of the fact that rain-fed and upland rice, 
which incur greatest weed problems, need the most input in terms of weed control. 

During a rice-grow ing season, non-^ndHOnous germination of large reserves of viable weed 
seeds in the soil provides a continuous supply of compctinL' weeds that pose a threat to a 
successful rice crop, Cirasses arc usually the first group that emerges and grows with rice, which 
coincides with the critical stages of competition. This consists of several flushes or regrowth of 
the same (grass) species or of another grass once the first is controlled. Broadleaf weeds and 
sedges emerge and grow later. Thus, three lands of weeds (grass, broadleaf, sedge) pose control 
problems throughout the growing season. Because rice is a grass, its fiercest competitors are the 
grass weeds, with barnyard grass [F.chinochloa spp t us its recognised woHdwide worst weed. 
Similarities in morphology, physiology, and growih habits pose a double-edged control problem 
in terms of stiffer con^etition for the same growth and development requirements and of similar 
vulnerable stages to control (germination to four-leaf stages) resulting in narrow margin of 
selectivity where post-emergence control measures are used. Thus, it is no surprise that weeds 
and weed control technology have played a major role in the history and evolution of rice 
production and culture. 

Rice and its culture as a food crop originated in Asia, where to this date, it practically comprises 
the whole of thepec^le's diet, nearly all of their agriculture, and much of then* hopes (De Datta 

1 98 1). It was first grown as an upland crop in the upland regions of tropical Asia and as a 
lowland (fluodcd* crop in China (Chang 1976). Lowland culture gradually dominated upland 
culture because slash and bum methods of upland culture were not effective in controlling weeds 
in the tropics and higher productivity resulted from lowland culture (Chang 1976). The basic 
demoits of lowland culture tfmt were devdoped and perfected in China - puddling and flooding, 
and transplanting - were practices that facilitated the control of weeds. Both operations became 
integral parts of rice farming and remain widely practised to this day. To date. practicall\ all 
of the rice ( >90%) in Asia is transplanted and grown in flooded soil. In early tunes, weeding 
during the vegetative growth stage (after transplanting) was not practised intensively. Only a 
modest amount of weeding labour, if any, was provided by tfie family. 

In the I96ns, the introduction of the Green Revolution brought with it the use of fertiltSW - 

responsive, high-yielding, semi-dwarf cultivars. While this resulted in tremendous advances in 
productivity and doubled rice yields, it brought significant changes in weed management 
perspectives and practices. Increased feitiliser application enhanced rice as well as weed growth. 
The short semi-dwarfs with erect tillers were less competitive with weeds, especially tall, 
fast-growing grasses, than the tall traditional cultivars with droopy leaves which can form a 
canopy and shade out the weeds. I hus. the new technology brought about rice production 
practices that also intensified weed pi cssure and competition. 1 he two tradiiional mdirect weed 
control methods oi uanspiantuig and Hooding were no longer adequate and more intensive direct 

weed control inputs were required. 

Current weed management technology consists of direct cultural, chemical, and some biological 
methods and indirect cultural and agro-ecological methods, The indirect methods are actually 
crop production practices which supplement direct methods by providing optimum rice growth 
to enable rice to out-compete weeds. The overall objective of indirect control mputs is to reduce 
the degree of direct control inputs. The most important of these are land prqparation, fertiliser 
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management and water management. Plant spacing or seeding rate, crop rotation, cultivar used, 
and preventive practices are also important. Unlike insects and diseases, weeds being plants, are 
affected by rice production practices in the same way; this can be manipulated to tip the balance 
in favour of rice against weeds. Unfortunately, also because many weeds have almost identical 
growth habits and growth requirements, practices which benefit rice will also benefit weeds 
while practices which harm weeds will also harm rice. Some growers opt for practices that 
favour rice then perform direct control measures on the weeds. But with proper management, 
certain rice cultural and production practices can be manipulated to make growing conditions 
more favourable to rice and less favourable to weeds. 

The discussions in this chapter highlight the principles and practices involving direct and 
indirect weed control in rice culture systems in a worldwide perspective. Details of these 
practices for a particular country or region are found in the other chapters. 

WEED CONTROL METHODS 
Indirect Methods 

Land preparation/tillage. Tillage operations include ploughing, discing, harrowing, soil 
puddling, and land levelling. Thorough land preparation using these tillage operations 
contributes to reduced weed growth by: 1) providing weed-free conditions at planting; 2) allows 
optimal germination, emergence and growth of rice seedlings and good rice stands; 3 ) provides 
level land which is extremely important for good drainage; and 4) suppresses grow th of certain 
perennial weeds. Land preparation is a frequently overlooked crop production practice of 
indirectly controlling weeds. While it does not totally eliminate the need for direct weed 
control, it helps reduce subsequent weed growth and post-planting weed control inputs. 
Decreased weed weights have been directly correlated with increased number of ploughings or 
harrowings (Barker 1970), with deeper ploughing (Kusanagi 1977), or with puddling (Moody 
and De Datta 1982). 

In developed countries, tillage is done with heavy equipment and sophisticated machinery to 
ensure thorough land preparation. In contrast, animal-drawm implements or engine- powered 
hand-pushed tractors in small farms in developing countries result in poorly prepared fields. 
Land preparation also varies among the rice-growing countries, depending on planting method 
and water management. These are classified broadly as wetland, dryland or limited tillage (De 
Datta 1981). 

In temperate Asia where transplanting is usual and in tropical Asia where transplanting and 
wet-seeding are practised, wetland tillage is the most common method of land preparation. It 
involves: I) ploughing and puddling by flooding fields for about 7 days; 2) ploughing at 10 to 
20 cm depth to bury weed seeds, weeds and rice stubbles; 3) ha^row^ng to break-up big clods 
two to three times at 7 to 10-day intervals; and 4) levelling the fields (Ampong-Nyarko and De 
Datta 1991). Puddling reduces soil percolation and water loss, provides ease of transplanting 
and hastens establishment and tillering of young transplants to enhance vigorous growth and 
competitive ability against weeds. 

In dry-seeded rice areas like the U.S.A., southern Australia, most of Latin America and West 
Africa, parts of tropical Asia and most of Europe, dryland tillage is the most common method 
of land preparation. Dryland tillage involves one to two ploughings or discing 10 to 20 cm. deep 
followed by two to three harrowings with a spike-tooth or disc-harrow, and sometimes a 
roller-packer to break-up big clods, and then by land levelling (Anon. 1990). 
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Limited tillage involves elimination of one or two pre-planting operations (minimum tillage) or 
zero ullage. Limited tillage offers certain advantages in temis of soil conservation and savings 
in labour, water, power and capital. W here perennial weeds are not a problem, limited tillage 
may be practical fbr use in bodi dryland and wetland rice. In Aricansas» 2sero or minimum tillage 
reduced infestations of oettatn aquatic weeds like ducksalad (Heteranthera limosa (Sw.) Willd.) 
and reduced land preparation costs (Smith er al. 1993b). Herbicide use is an integral part of a 
limited tillage system; replacing tillage operations. If inappropnate herbicides are used, perennial 
weed problems can increase over time. In the tropics, certain perennial weeds are not adequately 
controlled and limited tillage is not practical (Ampong-Nyarko and De Datta 1991). 

In the tropics, tillage during the dry season desiccates underground vegetative propagules and 
is an effective way to control certain perennial grasses like Paspalum distichum L., Cynodon 
dacnlon i L.) I'ers, 0/yza longisteminata and Imperata cylindrica (L.) Beauv. In temperate 
areas, tubers and rhizomes brought to the soil surface are killed during the cold, dry periods. P. 
^sHchum is one of tfie perennial grasses in the tropics whidi is effectively controlled by tillage. 
This weed, which is not a serious problem vidiere diere is good tillage and wato- management, 
wa.s obser\'ed to increase in dominance over the years due to poor land preparation or zero tillage 
(De Datta 1977; 1 98 1). In long-term studies in the tropics P ilistichum stands were shown to 
decline significantly as tillage increased from zero to one or more ploughings and harrowings 
(Bemasor and De Datta 1988). 

In addition to ploughing and harrowing, land levelling as a tillage operation is extremely 

important to provide good drainage. In an uneven field, weed problems occur because of poor 
rice establishment in low spots and enhanced weed growth in high spots. In the U.S.A., 
precision-levelling has greatly facilitated water management and is considered second only to 
introduction of semi-dwarf eultivars as contributing to increased yields (Anon. 1993). Fifty 

percent fin southern U.S.A.) to 100% (in California) of U.S. rice fields are precision-levelled 
by laser-guided machinery. In Asia, engine-powered hand- pushed rototillers do not provide as 
precisely-levelled fields. In the absence of precise land levelling, fanners in Asia dig shallow 
ditches to drain excess water (Takashima 1984). 

Seeding should be done immediately following the last tillage operation to give rice an equal 
start with weeds. In areas with poor irrigation facilities, seeding could be delayed by as much 
as 10 days after land preparation because of limited water supply (Baki and Azmi 1992). The 
delay between the last tillage operation and seeding or transplanting should be as short as 
possible to prevent weeds fining a head start over rice. 

Water mana'^emenl Water is an essential requirement for optimum rice growth. Since ancient 

times, water has been an integral part of rice production and weed management systems. Rice 
cultures are defined by the water management system. Water supply comes from irrigation, 
rainfall, or both. Where irrigation facilities and/br water supply is adequate, the duration and 
depdi of flooding can be managed to suppress weed growtfi. When combined wift dire^ weed 
control tnctliods, water management as part of an integrated weed management system is cost- 
effective and can give considerable savings in production costs. Most of the developed 
rice-growing countries like the U.S.A., Australia, Hurope. and Fast Asia h;n e adequate irrigation 
facilities and good water control such that water can be manipulated precisely during the 
growing season. This is not easily done in areas where hrigation facilities are hiadequate, water 
control is poor and where water supply depends partially, or totally, on rainftll. 
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Most, if not all weeds, have an optimum soil moisture level below or aho\ c wIiilH growth is 
suppressed; hence the time, duration and depth of flooding can be managed to suppress weed 
growth. Weed populations decrease with increase in water depth; levels as low as 2.5 cm have 
been shown to suppress weed growth madcedly (Mabbayad 1967). Flooding at early rice growrdi 
stages will oontrol youn^ weed seedlings Imt as wee<te become laiger and well-estid>lished, 
controlling diem througih water management is more difficult. 

Nishida and Kasahara ( 1975J observed that C4 plants like Echmochloa spp. are dominant in 
upland conditions while C, plants likeM vaginalis and C. difformis are dominant in submerged 
conditioas. T1nis» many of the non-aquatic grasses, paiticnlarly E. cnts-gallU do not survive in 
submerged conditions while many aquatic bfoadleaf weeds and sedges do not survive in upland 
conditions. This is also probably the reason why grasses are the first to emerge in a cropping 
season when there is still low moisture or submergence, while broadleafs and sedges emerge 
later when the field has been submerged lor quite sometime. Grass weeds can therefore be 
largely eliminated by continuous flooding at 15 to 20 cm depQi maintained ^oughout rice 
growth. Aquatic broadleaf weeds like M. vt^pialis become dominant in continuous flood and 
are stqipressed at saturation or field capacity (Moody 1991). Draining will dry out and kill 
aquatic weeds. Pistia stratiotes L., an aquatic broadleaf is killed by intermittent flooding and 
draining (^De Datta and Jereza 1977). 

The dominam weeds and resulting weed oontrol practices can be traced to the watff managem^ 
Qfstem associated with a particular rice culture. This is best exemplified by dry-seeding in the 
southern U.S.A. and water-seeding in California. In California, severe infestations of grass 
weeds, notably £. avs-f^alli and red rice and limited herbicide alternatives for grass control due 
to regulatory restrictions or poor herbicide selectivity in water seeded rice, have led to 
widespread adoption ofwater-seeded rice to help control grass weeds. Water-seeding, "pinpoint 
flooding" andcomtnuoiis flood, whidi has been tiie only water management system since 1920s, 
has resulted in the dominance of aquatic weeds Ammania coccinea Rottb., Bacopa rotimdifolia 
(Mich.x.) Wettst. and Sagittaria montevidensis (Cham. & Schlect.) (Barrett and Seaman 1980) 
and from small-seeded £. cnis-galli to large-seeded E. oiyzoides (Ard.) Fritsch and E. 
pkyUopogon (Stapf) Koss. which thrive in deq) flooding (Barrett and Seaman 1980). To control 
the aquatic broauileaf weeds, MCPA, bentazon, and most recently, bensnlfuran-mediyl were 
used. The tnost recent OHHequence of this practice is the development of resistance of S. 

montevidensis and Crpenis difformis L. to bensulfuron- methyl after COntilUlOUS USC of this 
lierbicide since 1988 (Hill and Hawkins 1994) (see Chapter 13). 

In contrast, dry-seeding is the main practice in soudiem U.S. A. because of the availability of 
hetbidde choices for grass control particularly after the introduction of propanil, molinate, and 

thiobencarb since the 1960s. Dr>-seeding. flushing, draining and reflooding fields after seeding 
for good rice stands also encourages growth ot grasses like E. avs-galli, Leptochloa 
fasciatlaris (Lam.) Gray, and red rice, and some broadleafs \\\(.t Aeschynomene virginica (L.) 
B.S.P. and Sesbania exaltata (Raf ) Cory. 

Aquatic weed problems, however, are not as severe in dry-seeded rice as in water-seeded rice 

(Smith et 111. !')77 ) Continuous use of propanil for more than 20 years tor grass control has 
resulted in the development of apropanil-toleiantbiotype of barnyard grass (Baitazar and Smith 
1994). 
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In temperate and tropical Asia, continuous flooding is maintained throughout the growth of 
transplanted rice: the dominant rice culture. Adequate irrigation facilities and good water 
control are available in temperate east Asia, where 93% of rice is irrigated. In south and south- 
east Asia, only 40% of rice is imgaled due to inadequate irrigation infiwttrueture and poor water 
siqiply. More dum half of rice in soutfi and soulii-east Asia, west Africa and Latin America is 
rain-fed. In addition to transplanted rice, drywweded or wet-seeded rice and upland rice are 
usually growTi in rain-fed areas. In some of these areas, partial irrigation maybe available. But 
for most of these, rainfall dictates the rice growing sea.son, in contrast to fully irrigated rice in 
temperate countries, where the growing season is deierniined by temperature. 

Drati^t and floods are the two roost prominent production cotistraints in rain-fed lowland and 

upland rive because of extremeK' uneven rainfall distribution and poor water control. In a 
climate where .>0 to 50% of annual rainfall can occur in a few days or weeks, control and use 
of this water is usually impossible (De Datta 1981) and the result is extreme moisture fluctuation 
fiom drought to flood in the oowse of a growing season. Rice and weed growdi and efficacy of 
weed control methods are affected by variation in soil moisture. In most studies in the tropics, 
soil moisture (or lack of it) has been implicated as the single most critical factor, perhaps even 
more than fertiliser effects, to affect weed control practices. Weeding by hand or by rotary 
weeder is difficult if the soil is too dry or too wet. Herbicide activity increases with soil 
moisture content and optimum activity requires optimum soil moisture. In extremely dry soil, 
low heitricide activity can result in weed ocmtrol failure (Jildhara and (Cimura 1977; Janiya and 
Moody 1984). At the odier extreme, excessive moisture will cause rice injury or even crop kill 
(De Datta 1980; Bemasor and Dc Datta 1<^)S^' Poor crop stand and hcibicide injury due to 
excessive or unexpected rainfall at planting or at herbicide treatment are two major constraints 
to widespread adoption of wet-seeded rice (^Moody 1992). 

Fertiliser mnangmtittL Efficient fertiliser management became more critical with tiie 

introduction of hi^-yielding modem cultivars because they require more fsftiltser inputs than 
traditional cultivars and because of enhanced weed growth when fertiliser is applied. Nitrogen 
promotes rapid vegetative growth which produces a canopy to shade out and suppress 
late-germinating weeds. Phosphorus increases tillering and root development for increased 
moisture and nutrient absorption. These properties enhance tiie ability of rice to compete widi 
weeds and complement direct weed control measures. If not properly managed, however, rice 
may sufier greater weed competition from fertiliser application than when there is no fertiliso*. 

Proper management ensures fertiliser use by the crop at critical growih stages when fertiliser is 
most needed. Inefficient plant recovery of N is tfie largest constraint to high agronomic 
efficiency. Recovoy of N fertiliser applied to die rice crop averages 30 to 40% and seldom 
exceeds 60 to 65% even with the best agronomic practices (De Datta et al. 1968) With an 
uptake efficiency of 36 to 50%, 100 to 1 50 kg/ha N is required to obtain a yield of 6 t ha. In a 
rice- weed mixture, Ampong-Nyarko and De Datta (1991) determined that 75 to 100 kg/ ha N 
gave optimum dry matter of rice. In most irrigated rice areas ' in Asia» 60 to 90 kg/ha N is 
q>plied in the wet season, and 100 to ISO kg/ha N is applied in the dry season (Anon. 1993). 
Much higher rates, irom 120 to 180 kg/ha N, are applied m direct-seeded rice in the U.S.A. 
(Anon. 1990). 

Poor crop and weed management and neglect of timely N application are the two most inqwitant 
factors oontiibttting to tow N use efficient m irrigated rice systems. Usually* two to three split 
applications: at seednigAransplanting; at tillering; and at panicle initiation are needed to achieve 
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an N supply that is synchronous with the rice growth requirements (De Datta 1981). This is 
where weed management plays a critical role in achieving efficient fertiliser use. Because of 
their greater ability than rice to compete for N, weeds absorb fertiliser faster than rice. Even the 
maximum amount of fertiliser is of litde sigmficance if weeds are not adequately controlled 
before fertiliser is applied. Timing <^Nfiatiliserdtou]d then be managed sodidiat maximum 
benefit goes tb rice and not to weeds. If shaded by fast growing weeds, rice shows litde or no 
response to N application (Ampong-Nyaxko and De Datta 1993). 

If weeds are adequately controlled, N can be iq>plied anytime between seeding or transplanting 
and the onset of die reproductive stage of ri^. With adequate weed control for most rice 

cultures worldwide, tlie common practice is to split N into two or three {plications, with 1/3 
to 2/3 of total N at the first application and the remainder during the second and third 
applications. In Asia, the recommended times are: at transplanting or seeding, at 25 to 30 days 
after seeding or transplanting after crop has been weeded; and at 5 to 7 days before panicle 
initiation (Nantasomsaran and De Datta 1988; Bemasor and De Datta 1993). Minor variations 
may be needed widi certain cultivars depending on growdi duration, and among die different rice 
cultures. 

A two- or three-split application is also practised in direct-seeded rice in temperate coimtries 
(Anon. 1990). The first dose of N is applied either at seeding (California) or at 4 to 6 weeks after 
rice eme rg ence before application of permanent flood (soi^em U.S.A.) and die second dose 
is aiqtUed at mid-season. Depending on cultivar, the mid-season application is further split 
evenly at panicle initiation during intemodc elongation and 1 to 2 weeks later. In the southern 
U.S.A . the activity of certain herbicides may be affected by the first N application. This 
application timing coincides with application of fenoxaprop, a post-emergence grass herbicide 
v/iadi is ^lied to no youngor than fbur-leaf rice Ah* maximum selectivity. In cases of rainfidl 
or low soiar radiatioa, activily of fsnoxaiffop is enhanced if applied widiin 7 dnys of N 
application and flooding, which can result in moderate to severe rice injury (Smith et al. 1993a). 
To avoid or minimise rice injury under these conditions, fenoxaprop is best applied before N 
application and flooding; this is also the best option in terms of the need to control weeds before 
N is ^>plied. However, if fenoxf^rop application is delayed until after application of permanent 
flood, an interval of more dum 7 days between UBOsapmp treatment and N applicatioa is needed 
to avoid rice mjury (Smidi et aL 1993a). 

Basal application, top-drcssiny, and broadcasting by hand are the most common methods of 
application in Asia, in industrialised countries, Yertiliser is broadcast by aircraft into dry soil or 
into the floodwater. Research has shown diat deep placement (10 cm depth) into die reduced 
soillayer is the most efficient method of fertiliser application in lowland rice (De Datta 1981). 
Broadcasting into non-Hooded soil is more efficient than broadcasting into floodwatCT, both 
however are not as efficient as deep placement. 

In cases of inadequate weed control, it w best not to apply N or to apply N at low levds. 
Anodier option is to apply N shortly before |nnicle initiation, <x to delay application until the 

rate of N uptake by weeds has slowed down, which is usually after weeds have flowered 
(Matsunaka 1070). This should be easy because most of the major rice weeds flower much 
earher (30-40 DAS) than do even medium-maturing cultivars (70-80 DAS). Increasing N level 
can not compensate for inadequate weed control. On die contrary, increased N enhances weed 
growtii and results in greater competitioii and low rice yields tiian when diere is litde or no 
fertiliser. Rice and weeds showed similar rates of N uptake at ON and greater uptake by weeds 
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than by rice at 1 50 kg/ha N (Ampong-Nyarko and De Datta 1989). Thus at high fertiliser levels, 
weed control is more critical than at low N levels and it is not possible to produce high dee 
yields without adequate weed control. 

Seeding rate/^lant spacing. Seeding rate (direct seeded rice) and plant spacing (transplanted 
lice) determine rice stands or rice plant density per unit area. This in turn determines the amount 

of canopy created to help rice shade and compete with weeds. Increased spacing between or 
within rows increases light penetration into the canopy which enhances weed growth. In 
addition, the optimum seeding rate or plant spacing essential for proper rice crop development 
and high grain yields also depends <»i cultivar, soil fertility, and cropping season. Proper 
seeding rate/ plant fqpacing should prevent weeds from occupying open spaces but not be too 
high so as to result in thick stands, lodging and intraspecific competition. 

In situations where weed control inputs arc not adequate, correct seeding rate or plant spacing 
can be critical. If weeds are adequately controlled, it is not necessary to use high seeding rates 
to suppress weed growth. 

Weed weights have been shown to decrease correspondingly as seeding rates were increased 
from 50 to 250 kg/ha (Moody 1977a). Considering weed control, seed costs, and other 
cost-benefit factors, research has identified optimum seeding rates of 100 kg,' ha in direct seeded 
rice (De Datta 19S9) and plant spacing of 20 x 20 cm to 25 x 25 cm in transplanted rice (Kim 
and Mood^ 1980). bicreasing seeding rates as hi^ as 1 SO to 400 kg/kA will hdp control weeds 
in wet-seeded rice (Moody 1977a) but not in dry- seeded rice where weed pressure is much more 
intense and particularly if semi-dwarf cultivars are used (Moody 1982). In dry-seeded rice, high 
seeding rates cannot substitute for direct control measures. In direct-seeded rice in the U.S.A., 
the ideal seeding rate is about 100 seed&W which gives a desired plant density of about 50-60 
plants/m' (Anon. 1990) 

No weed control benefit is obtained when seeding rate is increased beyond the optimum 100 
kg ha that will give adequate crop stand establishment (Ampong-Nyarko and De Datta 1991). 
However, in some parts of tropical Asia, the Philippines, for instance, because farmers use their 
own seed source, they prefer using very high seeding rates (250-400 kg/ha) to compensate for 
pest damage such as birds, snails and rats and for potentially poor rice stands from unexpected 
floods. 

Cultivar selection. Tall, fast and vigorous early vegetative growth, drooping leaves that form 
a canopy, vigorous root system for water and nutrient absorption and high tillering ability are 
traits wUdi give rice an advantage when competing with weeds. In the past, tall, drooping-leaf 
traditional cultivars have a height advantage over broadleaf weeds and sedges, then the prevalent 
species infesting rice crops (De Datta 1980). But traditional cultivars are susceptible to lodging, 
have few tillers, and low yield potentials. In the search for high yielding traits during the Green 
Revolution, increasing the grain-straw ratio by breeding cultivars with short, sturdy-strawed 
culms and erect leaves that would resist lodging tvea witii high rates of fertiliser was a major 
determinant to N responsiveness and' high yields. With the introduction of the dwarfing gene, ' 
rice breeders and agronomists came up with 10 t.lia yielding cultivars starting with IR8 in 1966 
(De Datta et al. 1966) and rice culture has nc\er been the same since then. To date, the 
semi-dwarf plant type excmplilied by 1R8 with shon stature (about 100 cm), sturdy culms, high 
tillering ability, lodging resistance, and dark green erect leaves refnesents the most efficient 
combination of rice traits essential to higjh fertiliser responsiveness and hig^ grain yields. These 
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traits are in sharp contrast to those which favour weed competitiveness. However because 
competitiveness does not directly increase yields, rice scientists and growers have opted for 
high-yielding traits supplemented with direct weed control inputs. Throughout the rice-growing 
world, modern semi-dwarf cultivars were used, and their short stature and associated high 
fertiliser use higlili^ited the importance of adequate weed control to realize their full yidd 
potential. Without adequate weed control, the semi-dwarfs are easily outgrown by tall, 
fast-growing grasses like Echinochlna cnts-galli in flooded rice and RoiihoeUia cochinchinensis 
(Lour.) Clayton in upland rice Introduction of direct-seeding further contributed to increased 
dominance of grasses, eventually grass weeds replaced broadleaf weeds and sedges as the 
prevalmt S{>ecies where aemi-dwarls are used in direct-seeded systems. 

Increased adoption of direct-seeding in Asia and increased recognition of the need to reduce or 
integrate direct weed control methods with indirect methods in Integrated Weed Management 
(IWM) systems has renewed interest in the use of, and search for, weed-competitive cultivars. 
Since direct-seeded rice does not have the head start over weeds that transplanted rice does, use 
of cultivars that can emerge and grow fkst within the first 30 days of seeding would enhance 
competitiveness of direct-seeded rice over grasses. Among existing modem cultivars, 
researchers have screened for and identified, those which can compete best with weeds in their 
respective local growing conditions. In many rain-fed areas, direct-seeded growing rice cultivars 
with intermediate stature (about 120 cm) are preferred over shorter-siatured cultivars. 
Intecmediate or moderately tall noes are also more desirable f<»: iq>1and conditions (Chang er al. 
1972). Ccmsequently, intennediate stature and moderate tillering are bemg introduced into rices 
with erect leaves and sturdy culms (Khush and Coffman 1977). More recent research has 
identified weed-competitive traits like a vigorous root system and rapid early vegetative growth 
(Janiya ;md Moody IW3) in initial efforts towards possible future breeding programs designed 
to develop high-yielding as well as competitive cultivars. 

Crop rotation. Each of the various rice systons is associated with a characteristic weed 
problem(s) and control practicefs) such as aquatic weeds in flooded rice and upland weeds in 
non-flooded rice. Repeated use of the same control methods due to mono-cropping on the same 
land year after year could lead to a build-up of weed populations not controlled by existing 
methods. This ooutdiemlt in either 1) dominance ofad^cult^to^oiitrolq)ecie8 or 2) in cases 
of repeated herbicide use, development of hertndde-resiirtant weeds. To prevent continuous use 
of control methods and to break the cycle of associated weeds, rice is rotated with crops having 
different growth habits or cultural requirements, for example flooded rice with an upland 
broadleaf crop. 

Crop rotation is a common practice in rain-fed and upland areas where the rainfall pattern or 

madequate irrigation requires planting of an upland crop during the dry season. In rain-fed areas 
in tropical ,'\sia, rotating crops in rice-based systems is a common practice. Rice is grown in the 
wet season (June to November) and upland crops (vegetables or legumes) in the dry season 
(December to May). Aquatic weeds that thrive in flooded rice are dried out and killed during 
Uie dry season crop while upland weeds are submerged and lolled when flooded rice is grown 
the following season. This rotation system decreased populations of Scirpus maritimus L , an 
aquatic weed which thrives in flooded rice in some countries in tropical Asia (De Datta and 
Jereza 1977; Bemasor and De Datta 1986). 

Crop rotation is also practised to decrease weed populattcms even in irrigated areas where 
continuous rice oops can be grown once (temperate areas) to thrice a year where tempentttire 
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is not limiting. In the U.S.A., rice is commonly rotated with upland crnps like Mnbean, sorghum 
or cotton every two years to reduce red rice populations (Smiiti 1976). In eastern Europe, a 
seven to eight-cycle crop rotation (rice followed by a different upland crop each year for 7 to 8 
years) leduoed aquatic weed populadonsby 80% (Podldn etal. 1983). In southern Europe, rice 
is grown 4 to 6 years, then upknid crops for 1 to 3 years (Catizone 1983). Crop roUrtion in rice 
is not economically attractive and not very common in east Asia (Korea and Japan); use of a 
rotation crop depends on its market potential (Kim 1992). 

Rotating rice with a broadical crop will also enable use of grass herbicides to control grass 
weeds which odierwiae cannot be used in rice due to selectivity problems. In southern U.S«A., 
red rice is treated with a grass herbicide during the rotation crop of either soybean or grain 

sorghum (Smith 1989). Rotation of herbicides when crops are rotated also helps prevent buildup 
of weed tolerance or resistance and is one of the major management tools in preventit^ 
development of herbicide-resistant weeds (see Chapter 13). 

However, o'op rotation of a regular pattern (rice in wet season, vegetable crop in dry season) 

using the same practices every alternate season can have the same effect as monoculture and give 

rise to similar problems encountered in monoculture ( Plucknett cfal. 1977). Thus even with crop 
rotation, a change in crop and w eed co-itrol practices every so many years is essential to avoid 
falling into a routine monoculture pattern. 

Prwention. Preventive methods include all practices aimed at preventing weed and weed seed 
dispersal and build-up of seed reserves in the soil by: I) use of weed-free seeds or weed 
seedling-free transplants: 2 ) maintenance of clean fields, borders, levees, and irriL-ation canals 
during the growing season as well as fallow periods: ) screening weed seeds from irrigation 
water; 4) cleaning tillage and other farm equipment to prevent transfer of weed 
seed-contaminaied soil from one field to another, and oAer similar sanitary measures. Preventive 
metiiods are also one of the mo^i frequently overlooked indirect weed control measures, 
particularly the use of clean seed and maintenance of clean fields and surroundings diuring fallow 
periods. 

If strictly observed and enforced, setting seed certificatioa stuidards and enforcing regulatory 
measures for use of certified seeds can effectively decrease weed populations. In California, 

previously severe red rice infestations have been practically eradicated by growers' use of 
certified seed ( Randall 195 1) \ se of clean certified seeds could be difficult to enforce in areas 
where fanners obtain their seed source from the previous harvest to lower production costs, as 
is commonly done in parts of tropical Asia. In transplanted rice, E. crus-galli seedlings which' 
are difficult to distinguish fix»n rice seedlmgs are mistakenly transplanted with rice. 

In East .'\sia. farmers use non-selective herbicides (glyphosate. glufosinate, paraquat) or rotary 
w eetlers to control winter weeds before land preparation or weeds thai grow after harvest during 
the autumn (allow (Kim 1992; Shibayama 1992). In Taiwan, farmers burn rice straw after 
harvest to control weeds and prevent build-up of weed seed reserves in the soil (Chiang 1992). 

Direct Methods 

Chemical control. The discovery of 2,4-D in the I'^MOs miniinised the drudgery of hand or 
mechanical weeding. Since then, herbicides have been introduced which arc efficient, practical 
and oost-eflfective particulariy in areas where labour is scarce or expensive. They are often the 
best alternatives to control weeds in least amount of time and labour where vast areas are 

37 

Copyrighted material 



involved. In the Americas, Australia, Europe and East Asia with va.st rice areas and/or expensive 
labour, 90 to 100% of rice areas are treated with herbicide. Parts of south and south-east Asia 
and Latin America have moderate but fast-expanding herbicide use. Herbicide use increases 
widi crop value; thus herbicides are most widely used in irrigated rice. In Asia, more herbicide 
is used in tran^lanted rice than in direct seeded rice and more herbicide is used in irrigated 
direct seeded rice than in rain-fed direct seeded rice. Nixie or very little heibidde is used in 
rain-fed and upland rice in tropical .Asia and Africa Although weed problems are more sevens 
the area planted to upland rice is limited and grain yield is not as high as in irrigated rice. 

Herbicides are applied into non-flooded soil or into tibe flcodwater and require appropriate 
equipment and calibration. Inpnper calibration or application could result in undenkMage and 

inadequate control or overdosage and rice injury and adverse effects on environment. Solid 
formulations like granules are broadcast manually or mechanically while liquids are sprayed 
with backpack- or tractor-mounted sprayers. In the Asian tropics, farmers broadcast granules 
manually and spray liquids with a hydraulic knapsack sprayer; COj-pressurised knapsack 
sprayers are rare for small farm use. In indostrialised countries, herbicides are wpaycd with 
tractor-^noimted sprayers or by aircraft. In Japan, granules are die most widely used 
fonnulation^ while liquids are prefored in other parts of Asia. 

The specific herbicides used since 1940s and their general use patterns in the rice- growing 
world have been discussed elsewhere (Baltazar and De Datta 1992). In general, it involves 
treatments against predominant weeds atparticuUn' growdi stages; grasses eariy in the season and 
broadleaf'sedge weeds later in the season. The first treatment is made pre-emcrgence to the 
weeds anytime shortly after the last tillage operation to shortly before or after 
seeding/transplanting. Pre-emergence treatments iiowever conttol mostly annual grasses, have 
diort residual activity, and are most effective only from gennination to no-later than the one-leaf 
stage of weeds, la tiie case of r^rowdi, escapes, or new germinations, eariy post-onergettce 
treatments are applied most efiectively on one- to two-leaf weeds and no later than four- leaf 
stage of weeds. Hariy post-emergence treatments control grasses and'or broadleaf or sedge 
weeds. Depending on weed pressure or environmental conditicms, only one application, either 
pre-emergence or early post-emergence, may be needed for adequate weed control at the early 
stipes. Late postp<emagence treatments are ai^Ued at four-leaf stage of weeds to control die 
aquatics (broadleaf and sedge weeds). New post-emergence grass herbicides are also now 
available for application to no younger than four-leaf rice and no later than early tillering 
grasses. 

Until the 1970s the most widely used herbicides controlled annual iqiecies and were quite 
specific in applicatian timing and \\ eed spectrum: pre-emergence to grasses and post-emergence 

t(i hroadleaf 'sedge weeds. This practice of pre-emergence weed control resulted in two 
significant developments: 1) build-up of dift'icult-to-comi ul pcrcnnia! weeds, and 2) the need 
for two to three applications to control all kinds of weeds in a season ( Dc Datia 1981, K.im 1 994, 
Shibayama 1994). Herbicides developed from tiie 1980s have wider spectrum for annual and 
perennial weed control and wider iq>plication windows (pre-emergence to eariy tillering). 
Designed to control as wide spectrum as possible in a one-time application, these are popularly 
called "one-shot" treatments and are widely u.scd in East Asia to save on labour and application 
costs. These new herbicides also have new chemistries, new modes of action, and much lower 
use rates ifaan older oooqxKmds (De Datta and Baltazar 1994). However, tfiose widi single sites 
of action like tiie ALS inhibitors (sulfonylureas) and ACCase inhibitors 
(aryloxyfrfienoxyproinonates) are resistance-inone and have started to pose resistance 
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management problems in certain rice-growing areas. 

Herbicide selectivity plays a critical role in rice weed control. With most rice herbicides, rice 
may suffer no more than 30% initial injury of chlorosis and stunting which disappears within 
2 to 4 weeks. Rice fiilly recovers and yields are not affected. Injury greater than 30% could 
occur under certain conditions, especially with grass herbicides. Mrot, if not all of the 
broadlcaf sedge herbicides have adcL]Liatc pli\ siolc'gical and rnorphdlogical selecti\ ity to rice. 
Jt IS the grass herbicides which pose the greatest selectivity problems. Nearly all of the grass 
herbicides used in rice, except propanil, do not have adequate physiological selectivity. The next 
best alternative, morphological selectivity, is also difficult to obtain because of the close 
similarities between rice and grasses. The most vulnerable stages of grass weeds, one to 
four-leaf stages, are also the most vulnerable stages of rice. This is where transplanted rice, 
having bigger and older seedlings at the time of grass weed emergence, has an edge over direct 
seeded rice in terms of herbicide selectivity. Direct seeded rice, emerging and growing at the 
same time as grasses will have a narrower selectivity margin in age and size of seedlings. Pre- 
emergence herbicides ^lied to transplanted rice have widest selectivity while post-emergence 
herbicides in direct seeded rice have the least selectivity. 

With pre-cincrgence (soil-applied) grass herbicides, adequate selectivity is obiaincd by tuning 
herbicide application when the tnesocotyl ctileoptile regions, the absorbing tissues ot rice, have 
emerged above the soil surfece or are away from the herbicide- treated layer (Chun and Moody 
1985; Aroeo and Mercado 1981). This is done by manipulating seeding/transplanting dates in 
relation to time of herbicide application. The safest times are at 2 days before seeding or not 
earlier than 6 days after seeding ( Arceo and \fercado 1 'IS I ), Some herbicides hke butachlor and 
pretilachlor have safened formulations for use in direct seeded rice. Some rice cultivars may be 
more tolerant than others, depending on mesocotyl lengths (Chun and Moody 1985). The 
absorbing tissues of cultivars with short mesocotyls are more likely to be away firom the 
herbicide layer and escape injury. Those witiilaig mesocotyls have absorbing tissues nearer the 
soil surfcK'e and are more likely to be in contact with the herbicide layer. Absorbing tissues of 
grass weeds Uke barnyard grass are always close to the soil surface and herbicide layer (Baker 
1960). 

Witii post-emeigence (foliar-applied) grass herbicides, only propanil has adequate physiological 

selectivity. Although it has the same target site (PS II inhibition) in rice and grasses, it is 
degraded by the rice enzyme arylacylamidase ( Mntsiinaka OS > ). This enzyme is not present 
or not active in the grass weeds. Propanil should not be applied within 7 days of carbamate or 
organophosphate application. Being cholinesterase inhibitors, these compounds also inhibit 
aiylacybmidase and prevent propanil degradation and selectivity. Aryloxyphoioxypropionates 
(APPs) have the same target site (ACCase inhibition) in rice and grasses (Walker et al. 1989). 
Some degree of differential absorption, tran.slocation. or degradation -nnv occur, but not enough 
to account for adequate .selectivity. Thus, treatments are fine-tuned lo rates and times most 
selective to nce yet still provide adequate gi-ass control (iialtazar et ul. 1993a). Fenoxaprop, the 
most widely used APP for rice weed control, is applied to no younger than four-leaf rice and to 
no larger than four-leaf grass. Fine-tuning of most selective application rate and time is 
site-specific ami tl -pends on paitieul ii 1' v:il conditions. In southern U.S.A. adequate grass 
control and minuiium rice injtirv is obtamed when fenoxaprop is applied to toui -leaf rice and 
grass before, than after, permanent tlooding (Smith ci al. 1993a). In the Asian tropics, it is 
applied in flooded or non-flooded conditions to four- to five-leaf rice and grasses (Lourens et 
al 1989). 
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Sc^il moisture is a highly critical factor affecting herbicide selectivity in rice because: I ) rice 
is iirowti III Hooded soil throughout or most of the season; 2) a large part of the rice-gro\\'ini: 
areas are in tropical Asia where water control is aggravated by higlily variable raintaii 
distribution leading to extreme variabilities in soil moisture which affect herbicide activity. 
Hednddes woik best in optimum soil moisture, are inactive in extremely dry soil, and injure rice 
in extremely wet soil, hi rice areas with good water control, desired moisture level for ortimum 
herbicide activity is obtained by flushing or draining fields. Propanil, for example, needs 
uniform spray coverage because it is not ti anslocated. Thus, leaf surfaces have to be exposed 
by draining before» and r^ooding after, propanil application. This practice is not easily 
followed in the tropics. In dry-seeded rice in southern U.S.A. propanil is i^lied to two-leaT 
grass before permanent floodtiKg and dcaining is not needed. Fluking may be needed when tiie 
soil is dry to activate propanil as well as weed growdi. 

Because of incertainQr of rain&Il in rain-fiMl areas in the tropics most rice farmers hold as much 
water as diey can on die fields by bunds or pennanent levees. In case of a heavy downpour, the 
resulting water dqith may submerge and kill rice seedlings (De Datta 1981). In wet-seeded rice, 
rainfall occurring at die time of herbicide implication could result in severe injury to rice 

seedlings. 

Rice injury from herbicides due to excessive moisture is not as serious in inland rice as it is in 
wet-seeded or flooded rice (Baltazar et al. 1 993b). However, in dry-seeded or upland rice, low 

herbicide activity due to extremely dry soil at the time of herbicide application could result in 
poor weed control. For exatnple, in rain-fed dry-seeded rice, several weeks may pass before 
there is sufilcieni rainfall to activate prc-emergence herbicides applied 3 to 4 days after seeding 
and for weed seeds to germinate. During that dry spell, the herbicide may have dissipated and 
weed control will be poorer than if ram had occurred eariier (Moody 1977b). 

Cultural Methods. Direct cultui al methods include removal of weeds by hand, with weeding 
tools (hoe, scythe, spadej or with mechanical implements. 

Pulling weeds by hand is the surest way to control weeds and in older tunes was the only direct 

method of controlling weeds in rice. It takes from 200 to 500 man-hours, in two to three 
operations to weed 1 ha office by hand (Chan 1967: De Datta 1974). in an effort to reduce the 
houi s spent in hand- weeding, research has shown that, if done at the right time, the number of 
hand'Weedings that provide season-long weed contnd can be reduced to only one in tranqilanted 
rice, two in wet-seeded rice and tiiree in dry-seeded lowland or upland rice. The critical times 
of weeding, beyond which more weeding hours and reduced grain yields occur, have also been 
identified by research to range from 2 1 to 42 days after transplanting { De Datta 1979) and from 
15 to 40 days after dry- or wet-seeding (Moody and De Datta 1982J. 

In small-sized farms in tropical Asia or Africa, hand-weeding still remains a practical and 

cost-^ective option in transplanted and drill-seeded rice where labour is free (family labour) 
or cheaper than herbicides. In bro;u!c:is'-seeded rice, hand-weeding is not practical Hand- 
weeding or mechanical weeding using liand or animal-drawn implements is still common as the 
only direct method in small farms in upland rice in tropical Asia and Africa, where heibicides 
are seldom used and if soil is too dry. 

In most other rice-grown'ng areas, increasing cost of labour compared with herbicides and/or its 
scarcity during critical periods are the major reasons that rice farmers use hand-weeding only 
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as a supplement to mechanical weeding or to herbicides. Hand-weeding enables removal of 
weeds close to, or along rice hills which are not removed by inter-row cultivation as well as 
removal of escapes, especially deep-rooted perennials, from herbicide treatment. One 
j^plication of a {Mie-emergence or a post-emergence herbicide followed by one hand-weeding 
is probably the most widespread practice in small famis in tropical Asia, to reduce the time spent 
in weeding and in tmbicide us. 'n -ast Asia and other industrialised countries, hand-weeding 
is done to remove escapes after hci bicide treatment. It takes only about 30 to 40 h/ha to hand- 
weed escapes after herbicide application (Chiang 19S1). 

Mechanical weeding is done with human- or engine-powered inter-row cultivators or rotary 

weeders. It takes about 50 to 60 man-h to weed I ha of rice field by mechanical weeding 
( Paithasarati and Nc.ui U)77). Single-row rotar>' weeders take about 80 to 00 man-h to weed 1 
ha. Thus, it is t\Mce to several- fold more ctllcient than luuul-weeding. But it is practical only 
in row-seeded rice and Joes not remove weeds within rows or close to the rice hills which can 
still cause marked reductions in yield (De Datta 19g1). Push-type rotary weeders are difficult 
to use because they must be moved back and forth and do not work well if soil is too dry, if 
weeds are too big, or if floodwater is too deep (Moody 1991). 

Rotary weeders are the most widespread u^cu technique in Asia, cither alone or combined with 
hand-weeding or h^icide. In Japan, engine-powered rotary weeders are used to control 
perennials which become dominant once annuals are controlled with heibicides. They are also 
used in autumn or winter between cropping seasons to expose and freeze un^ground 
propagules of perennial weeds (Shibayama 1992). 

Biological ControL Control of weeds witfi biological agents such as insects or o^er natural 
enemies is a relatively new a|^»oach in rice weed control. Classical biocontrol is a slow process 
and has been most successful in situations involving long-term population dynamics of a single 
if)ecies in vast undisturbed non-crop areas. The teiisihility of its widespread use in a mixed weed 
species flora is now being studied. The prerequisiic of high specificity of a biocontrol agent 
(Hasan and Ayers 1990) lunits hs maiket potential and is an eoommiio himlrahce to its successful 
development (Templeton and Heiny 1989; Greaves and McQueen 1990). High specificity also 
means diat the selective control of a single weed in a mixed rice-weed flora will not solve all of 
(he rice weed problems. Biological control should thus be considered an added alternative, not 
a substitute, to other weed control methods (Watson 1992), 

Use of herbivores as natural enemies of certain rice weeds may be considered die earliest form 

of biological weed control in rice. In the past, use of herbivores to control rice weeds have been 
limited to isolated small-sized farms in some countries in Asia ( Matsunaka 1976). Recently there 
is renewed interest in studying herbivores for widespread use in Asia as well as in other 
countries. These include use of fish (red tilapia, grass carp) in Malaysia and Japan (Itoh 1991), 
tadpole shrimp, shdlfish, ducks in Japan (Takahashi 1992; Shibayama 1992) and ducks for red 
rice control in U.S. and Latin Anxrica (Smitfi 1992). Wliile herbivores are selective to older 
seedlings of transplant rice, they teed on young succulent seedliiius of seeded rice. An example 
is the golden apple snail (Foniacea canaliailaia Lamarck) which is now a scnous rice pest in 
the Philippines (Basilio and Litsinger 1988). 

To date, aquatic weeds of rice successfully controlled with classical biological c; titr ol are 
Salvinki molesta and Pistia slratiotes. Rice weeds are not easy targets for classical lnolugical 
control because more than 50% of the worst weeds in rice are grasses, and there is some concern 

41 



Copynylited material 



that a prospective agent will also feed on rice, other cereals or pasture grasses (Waterhoiise 
1992). Classical methods will probably He more successful in other rice areas outside of Aski, 
since it works best only on introduced (exotic; species, while most of the rice weeds are native 
to Asia. Of 61 species listed as major weeds in rice, only six were identified by WaterbouBe 
(1992) as most likely targets for classical biological control: Monochoria vagUtaHs (Bunn. f.) 
Presl., Fimbrisn'li.s miliacea (L.) Vahl, Echinochloa crus-gaUi (L.) Beauv.), Ageratim 
conyzohfes L., Sphenoclea zevlanicci Gaertn.. and Roffhoeffia conchiiu liincnsis. A stemborer, 
Fnniuili'ct'nt sp. was identified in Japan and Malaysia as potential biocontroi agent against^ 
EciiiiiiK hioa oiyzicolu (lioh 1991; Goto 1992), 

The use of mycoherbicides (finigal pathogen inoculum) an inundative approach to biological 
control has been successful in certain rice systems. The most successful of these, so far, is 
control of the rice bioadleaf weed, northern jointvetch (Aesrhvnnmene virginica (L.) BSP) by 
the mycohcrbicide Collego" . CoUego" is an inoculum trom an indigenous fungal pathogen 
Colletotnchum glueosporioides (Penz.) Sacc. f sp. aesc^mimene and has been used smoe 19S2 
in dry-seeded nee in souAem U.S. (Smitfi 1986). CoU^* is applied with other rice herbicides 
like acifluorfffli (Smidi 1992) to broaden the weed control qiectnmL 

In Asia, there h;is yet been no successful widespread use of mycoherbicides for rice weed 
control. Altliougii mycoherbicides have been used in soy beans in China. The search for 
potentially promising mycoheibicides is being carried out simultaneously in various laboratories 
in east and soudi-east Asia. In greenhouse and small plot fidd evaluations, certain rice weeds 
were successfully controlled by the following fungal pathogens: a leaf blight pathogen against 
Sphenoclea zchmica (Bayot et al. l'^92). Epicoccosonis nematospoms and Nimhya scirpicolu 
for Eleuchahs kuroguwai (Gohbara and Yamaguchi 1992; Tanaka et al. 1992)^ Drechslera 
monoceras against fbAmcxMKi spp. (Gohbara and Yamagudhii 1992), Altemaria sp. for Scirpus 
planiculmis (Hong et al. 1991; Gohbara and Yamaguchi 1992) and CoHetooickum sp. and 
Sphacelothea for Rotthoellia cocMnchin^lsis (Watson 1992). Greenhouse and field 
screenings show excellent elTicacy of these organisms against these weeds with good selectivity 
to transplant rice. However, their selectivity to direct seeded rice has yet to be determined. The 
greatest constraints to widespread use of mycoherbicides is low virulence, unfavourable 
environmental ccmditions, selectivity to rice in all kinds of culture and also to Glhct crops, and 
development of efficient formulation and application techniques (Watson 1992). In developing 
application techniques, tu o issues should be considered: 1 ) feasibility of use in small-farm 
scale as well as large commercial scale and 2) availabi!it\ of equipment or infrastructure and 
related materials needed in large-scale development in a particular counuy or iocahty. 

Integrated Weed Management (IWM) 

Even before the IWM concept was formally introduced into the science of weed control, rice 
farmers knowingly or unknowingly have been practising IWM. Concerted efforts towards its 
widespread adoption and understanding of the principles bdiind ttae practices were triggered by: 
1) build-up of previously minor species (perennials) into dominant levels because of repeated 
use of the same mediods to control existing dominant species (annuals); 2) increasing concern 
o\'er pesticide effects on human health and the environment: and more recently 3) development 
of herbicide-resistant weeds. In a rice monocrop system, reliance on a single method can create 
control as well as environmental problems, thus there is a need to combine, change, or rotate 
several methods mto an integrated uppmaidtt. IWM is defined as the management system of 
weed populations aiming to keq) infestation levels below those causing econcnnic injury by 
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combining any two or more of preventive, cultural, chemical, or hioK>uical methods. The 
definition implie>^ that IWM is largely a decision-making pr<xe<N in\ol\ ing 1 ) when to apply 
control mcasurcii with use of critical thresholds and 2) wiiai combinations will provide best 
control at greatest profits. The long-terra objectives of IWM are 1) to avoid or reduce any 
adverse environmental impact of control methods and 2) prevent build-iq[> of any one weed 
species. 

IWM practices var\ among the rice cultures and localities or countries but the principles are the 
same. The essential factor is the number of direct and indirect control methods thai can be 
combined economically in a given field situation. Fanners are interested in net benefits and in 
protecting themselves against risks. Because maximum rice yields do not necessarily mean 
maximum profits, tlie best detemiinants in selecting the "best-mix" combinations would be the 
desired degree of control, the cost of the control input, and the expected net returns from the 
control input. This means maximum rice yields at minimum costs of control inputs. The 
^edfic combinations of IWM methods fbr eadi country or region are in various chapbecs of this 
book. 

Incomplete understanding of the principles behind IWM practices and lack of research data to 
guide rice farmers in the decision-making process are serious deterrents to its widespread 
adoption. Probably the most important questions encountered in practising IWM are: 1 ) when 
to apply control measures; 2) what control combinations are most efficient and cost-effective 
in a given field; 3) how IWM fits w ith other crop protection and rice production practices, and 
4) how IWM fits into a rice grower's socio-economic conditions. 

Timing- of control measures is based on the the use of critical thresholds of weed densities or 
critical periods of competition. Rice weed scientists agree diat a single species threshold is not 
practical because several species are present in a given rice field and when one is controlled, 
another species takes over. Counting weed densities, whether single or mixed species, is neither 
feasible nor attractive to any rice grower whether in a 0.5 ha field in Asia or in a 50U ha field in 
the Americas. While it is recogni.sed that critical competition occurs within the first 30 days of 
rice growth, the exact time to apply control measures witiitn tiiese first 30 days will depend on 
a particular weed situation in a given field. A practical criterion for determining the critical 
poiod tfiat is easy to determine in any given rice field is needed. Weed scientists are currentiy 
working on development of techniques that involve visual assessment of weed cover in terms 
of leaf area to determine critical thresholds (Kropff et ul. 1993), 

Differences in weed^ce response to control measures due to variabilities in weed pressure, rice 

culture, environmental, and also economic factors cause difficulty in clu sing tiie "best-mix" 
combinations. This is probably the reason that farmers resort to herbicides as the first and often, 
only option, particularly when encountering a new weed problem with still unknown control 
incthods. Also, the economic value of indirect inputs is often not known, thus farmers 
frequently misjudge or do not fiilly appreciate their economic significance, cost-benefit ratios, 
and relative contribution to long- and short-term control strategies ( Ampong-Nyarico and De 
Datta 1991). Indirect methods .sh(^uld be as.sessed and budgeted in the same way as direct 
tnethods. For example, increased frequency of ploughing or hai row ing does not eliminate the 
need for direct control methods. A farmer then, has a choice of using fewer prcplanting 
harrowings augmented with direct methods or to perform more harrowings witii or without 
direct methods. Also, there are some indirect methods that cannot substitute for direct mediods 
such as seeding rates beyond the opthnum needed fbr adequate rice stands, or hi^ fertiliser 
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FmdMsr n^liwmcsnt of IWM practices also means that whenever possible, weed control diould 
be integrated witii measures that Iwfher protect crops from insects, diseases, and other pests. 

The relationship of weeds with other pcsis an J organisms in rice ecosystems should be 
considered in choosiniz or practising IWM methods. For example, little is known on the direct 
effect! s) of herbicides on insects and other pests and their natural enemies or on the' indirect 
effects caused by controlling weeds which may be alternate hosts to these orgaiiisnis. IWM 
should also be compatible with otfier crop protection and rice production practices in a 
comprehensive rice management system. Perhaps the greatest constraint to widespread adaption 
of IWM is diftlculty of fitting a given technology with a given farmer's socio-economic 
resources and conditions. 

FUTURE CONTROL OPTIONS AND RESEARCH CHALLENGES 
Weed Ecology 

Inadequate understanding of what constitutes weediness or what creates species dominance in 
rice ecosystems is probably the single biggest constraint to development of appropriate 
long-term management strategies. It is also a reason that rice growers and scientists often resort 
to qutdc and efficient but dioft term control mediods whidi may croate |m>blems in the long run. 
Num<m>us studies have been carried out on biology and ecology of rice weeds but data are 
scattered and fragmented. Mqyping of weed profiles in time and space, and rolatmg dommant 
species shifts to changes in management practices and environmental factors in all rice-growing 
areas are needed. Models based on these data will help explain how management practices (i.e. 
herbicides) af fect biotic (e.g. high seed production) and abiotic (e.g. water) factors to help create 
dominance in a certain species. Some examples of unexplained observatioiis include: 1) 
Dominance of Echinochloa spp. throughout the rice growing world in spite of continuous 
intensive efforts to control them since the start of rice culture; 2) Leptochloa spp. are frequently 
observed, both in U.S.A. and Asia, to take over where Echinochloa spp. are controlled. Use of 
selective herbicides, which is a widely recognised reason for formerly minor but uncontrolled 
qpecies to dominate, may be partially responsible. But does tiie herbicide factor interact with 
the genetic jd^ological or morphological make-up of LeptoekliM and/or management factors 
like water regune, to single out this species? 

M<^ular Biology 

While breeding for resistance to insect pests or diseases has long been priority researdi, it is 

highly unlikely in the near future fliat rice can be bred for resistance to weeds. The next best 
option is to breed for weed-competitive or allelopathic cultivars or to breed for herbicide 
resistance in rice. Conventional or transgenic methods may be used, hui Aith the increasing 
trend towards novel biotechnology approaches in pest management, transgenic methods 
seemingly offer great potential (Toenniessen 1991). Among monoootyledonous crops, the first 
successful tran^enic transformation from protoplasts to whole platits occurred in rice (Hodges 
a a!. 1 99 1 ). The advantages and disadvantages of this new technology and these potential weed 
control options should be carefully studied in terms of feasibiUty and on short- and long-term 
impact on rice weed control systems. 

Competitive Cultivars 

Weeds are sensitive to interspecific competition, a vulnerability that can he exploited to rice's 
advantage by using competitive cultivars ( Pamplona et at. 1990). The main issue to be resolved 
in breeding for competitive cultivars is the feasibility of combining the contrasting traits 
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determining high yields with those detemiining competitiveness. A future rice prototype with 
even higher yields ( - I5i ha) is planned to be 10 cm shorter than the existing 100-cm, 10 I'ha 
yielders ( Anon. 1993). Assuming plant breeders' high-yielding rice traits can be combined with 
weed scientists' competitive rice traits into a feasible breeding program, the next step is to 
explore rice species genetic diversity regarding weed competitiveness, or incorporate certain 
"weedy" traits into rice such is: 1 ) presence of chlorophyll in the first leaf (as in barnyard grass 
which gives it a 4-day iiead start over seeded rice) (Kim and NIiu)dy 1989); 2) high 
photosynthetic, nitrogen and water use efficiency of grass weeds (Pamplona et at. 1990); high 
potential to acclimatise to change; 4) vigorous and deeper root system with greater potential 
to absorb water (Pamplona et at. 1990) in addition to the other previously identified 
weed-competitive traits (Janiya and Moody 1993; Khush 1994). 

Allelopathic C uitivars/Allelocheniicals 

There are two ways by which the principal of allelopathy can be used as potential weed control 
options: 1) breed for commercially acceptable cultivars with allelopatfiic traits; 2) develop 
botanical herbicides from allelochemicals. Screening studies in Japan and the U.S.A. showed 
that native japonica ciiltivars (Fiijii 1992) and 4% out of 10000 rice germplasm lines (Smith 
1992) possess various degrees of allelopathic activity against certain rice weeds. In small plot 
field trials in Arkansas, 9 out of 38 rice germplasm lines suppressed growth of ducksalad 
(Hetenmthera limosa) and other ai]iiatic weeds by 80 to 90% (Un et al 1992). These lines 
differ in origin^ grain type, plant height and maturity, which are desirable in developing 
commercially acceptable cultivars widi allelopaditc traits (Dilday 1994). 

In initial efforts to develop botanical herbicides from allelochemicals, active principles of 
allelopathic ciieinicals have been isolated and identified in Asia and the U.S.A. (Kim 1992). 
Future research programs involving development of allelochemicals should consider availability 
of facilities/infrastructure needed to produce these chemicals locally, if these are done in a 
developing country. 

Herbicidc-Resisiant Rice 

The first foreign genes expressed in rice plants were bacterial genes conferring antibiotic or 
herbicide resistance. The first transgenic herbicide-resistant gene to be developed in rice is 
resistance to the herbicide phosphinothricin l Dekeyser el ai 1 989) and more recently, resistance 
to glufosinafe *Cao ct al. 1992), Except for private chemical industries, however, breeding for 
herbicide resistance in rice is not considered priority research because of two major concerns: 
I) increased herbicide use; 2) risk oftransferofresistance gene to weeds closely related to rice 
like red rice or barnyard grass by cross-pollination. Because pollen is the most likely natural 
source of gene exchange, risk may be minimised by use of cytoplasmically-inherited resistance 
(Froud-WUliams 1991). 

If proven commercially and environmentally feasible, use of herbidde-resistant rice would allow 
application at most vulnerable stages of weeds in a wide range of soil and climatic conditions 

and eliminate problems of selectivity which would not be possible with herbicide-susoqjtible 
rice. If the de\ eloped resistance is to a broad-spectrum herbicide it would enable a one-shot 
application thus reducing the number of applications in a season. If future research programs 
are lo be developed involving iierbicide resistance in rice, risk assessments should be made to 
ensure that problems that could possibly result from its use do not outweigh its advantages. 
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Parttdpatory/Interdisciplinary Research 

Basic and stratqgjc research has produced highly efficient, scientifically sound IWM or IPM 
technoh^yy in rice hut most t^f these were developed with hiological efficacy as the main 
concern, or were developed for large scale rice farming and do not entirely apply to small-scale 
rice foming. Thus their adoption was low or limited largely because they do not fit a small rice 
fannm social, economic, or tedmical resotiioes. Cunent research programs now recognise these 
adoption problems and are placing greater etnphasis on farmer-oriented inter-discipiinary or 
participator)' research involving, not only plant scientists hut also economists and social 
scientists, environmentalists and policy makers. In contrast to previous research which started 
from laboratories to rice farms the starting point of participatory lescarch is the fanner and his 
needs. Specific objectives of interdisciplinary farmer-Kiriented research are: 1) determine how 
weed ccmtrol technology and social, economic, environment, and policy factors can compliment 
better adoption 2) enhance decision-making ability of farmers by making them understand or 
appreciate principles behind practices; 3) improve on existing technology for widespread 
adoption or on local practices for better efficacy. 

To start with, current (and future) interdisciplinary research can look at die following mdirect 
and direct weed control methods from a total perspective, particularly in the area of econc»nics 
and policy. 

Indirect methods; 1) encourage or enforce farmers' observance of weed-free seeds or weed 
seedling-free transplants; 2) economic or policy factors to improve irrigation infhutructure fbr 
better water control especially in tropical rain-fed and upland rice; 3) efficient and affordable 
small-fnnn equipment tor better land preparation and mechanical weeding operations; 4) 
integration of IWM with iPM practices. 

Direct mediods: Use or development of safe, highly efficient heibicides with single active sites 
whidi are less resistance-prone; 2) effect of new herbicides on tnodiversity of rice ecosystems; 

3) impro\ ed w eed control in dr>' soil and reduced rice injury in flooded soil; 4) safe, efficient 
and affordable small-farm herbicide application equipment. 

CONCLUSION 

The earliest weed control practices in rice were production methods of tran^hmting and 

growing rice in puddled, flooded soil. Introduction of short-statured, fertiliser-responsive, 
high-yielding rice cultivars and direct-seeding intensified weed pressure and competition and 
required more direct and more intensive weed control efforts. Current control technology 
consists of direct ranoval or control of weeds with diemical, cultural and a few biologicd 
methods. These are supplemented with indirect cultural and agroecological rice production 
practices which help suppress weed growth such as tillage, water and fertiliser management, 
cultivar use, seeding rate or plant spacing, crop rotation, and preventive practices The kind of 
direct control measures and the proportion of direct and indirect measures are largely determined 
by economic factors, mainly cost of labour and herbicides and expected net returns. Weed 
control measures are highest in irrigated (transphmted or direct seeded) rice whoe yields and 
crop values are highest, than in rain-fed, upland or Hood-prone rice. Improving herbicide 
activity in dry-seeded rice and selectivity in wet-seeded rice, better control of perennial weeds 
and reducing the number of cultural or chemical treaunents \n a season are priority concerns for 
direct control methods. With indirect methods, there is a need to focus attention on improving 
water control in rain-fed rice, use of weed-free planting materials and more thorough land 
preparation. Basic and sinttpgic research on weed ecology and on participatory interdisciplinary 
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research is also a current priority concern in renewed efforts to a better understanding of rice 
weeds as well as rice farmers' needs. Feasibility and risk-benefit considerations of biological 
control methods and of developing competitive, allelopathic, or herbicide-resistant rice througli 
tran^emc mediods as possible additional control options are important research challenges for 
rice weed scientists in the coming years. 
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CHAPTER 4 

ECONOMIC ASPECTS OF WEED MANAGEMENT IN RICE 



ECONOMIC ASPECTS OF WEED MANAGEMENT IN RICE 



Sushii I'anUcy and Piabhu L. Pinyali 

nSTRODUCTTON 

Weeds arc one of the most important sources of yield loss in rice. Experimental data indicate 
that as much as S5 per cent of yield could he lost to weeds (Smith 1983 ). As farmers actively 
manage weeds, actual yield losses are much lower. In the Philippines, thirty per cent ot the yield 
gap between the yield attainable on farmers* fields and actual yield has been attributed to poor 
weed control (De Datta and Flinn 1986). World-wide loss in yield of rice due to weeds has been 
estimated to be around 10 per cent of total production (Moody 1991 ). Taking 1993 rice 
production to be 520 million tons» this amounts to a loss to weeds of $14 billion. 

In addition to yield loss, other losses caused by weeds are reduced quality, inierlerence with 
harvesting equipment and cost of weed control. Quantitative estimates of some of these losses 
are very sket(Ay. The direct cost of weed control (cost of labour and herbicide) have ranged 

from 5 to 1.3 per cent of the total cost of production (Mocidy 1991 ). In addition to the direct 
cost, indirect costs of weed control include the cost of land preparation and water management 
carried out specitically for weed control, the effect of herbicides on useful rice field by-products, 
phytotoxic effects on crops and any adverse effects on human health and environment 

This paper provides: (i) an overview of the economics of weed management in Asian rice 
systems, ii) an assessment of the urowing use of herbicides and possible environmental and 
health con.sequences, and iii) a review o I regulatory and policy options for movmg towards more 
wholisdc weed management systems. 

A BRIEF REVIEW OF WEED MANAGEMENT PRACTICES 

Weed management practices used hy rice fanners could be classified into direct and indirect 
methods. Direct methods refer to those that are designed mainly to control weeds. These are 
herbicides and mechanical or manual weeding. Indirect methods include general crop 
management practices which in addition to improving crop productivity also reduce weed 
infcstaticms. Of the indirect mediods, land preparation and water management are more critical 
for weed control. 

Manual weeding is one ot the more common methods of v\eed control in rice in developing 
countries. It can he very effective but is time consuming and laborious, especially if rice is direct 
seeded. It is not uncommon to find farmers using as many as 100 person days/ha for weeding 
under upland i fitions. When rice is grown in transplanted culture, one or two manual 
weedings can be adequate to achieve a satisfactory level of weed control. 

The demand for mechanical weed control is also governed by the opportunity cost of labour 
versus that of noachines. Even ^ough the rekttive price structure may fovour mechanical 
weeding, tedmical aspects such as limited workability of existing mechanical devices in rice 
fields where moisture conditions can vary from dry tO saturated within a shOTt period^ have 
restricted widespread adoption of this method. 

Heibiddes are becommg increasingly popular as methods of weed control in rice in developing 
countries. In .lapan, USA and Australia, farmers rely solely on herbicides for weed control. 
The adoption of high yielding varieties which are responsive to weed control and the availability 
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of relatively che£^ herbicides have led to wideqtiead use of herbicides especially under iirigatad 
conditions. 



Land preparation, mediod of crop establishment, puddling, water man^genient, date of planting, 
plant density, culti^ choice and fiertility managemoit impact mdirectly on weed populations. 

Fanners manipulate these components of rice culture to achieve a certain degree of weed control. 
Land preparation and the choice of crop establishment method are probably the most common 
weed control methods. Weed populations can be substantially reduced by a number of ploughing 
and harrowings. Weeds are generally kept in dieck under tranq)lanted conditions witii good 
watercontrol In oontnstfdiy or wet seeded rice suffers fixmnioiw severe The 
technical aspects of diese indhect mediods of weed control have been oomprehensivdy discussed 
by Moody (1991). 

In a broader sense, wage rate and reliability of water supply are the major economic and 
enviroamental deteraunants of the choice of weed control metiiods (Fig. 1 ) . In ecosystems with 
hig^ reliability of wato- supply, puddling and water management are effective methods of weed 
control. In addition, herbicides arc used where labour cost is high. These are the two main 
methods of weed control in countries like Japan, South Korea and the U.S.A. Almost all the rice 
area in these countries is irrigated and labour costs are high. Herbicide usage is also high in 
these countries (Table 1). (Hi the otiier hand, manual methods are more common in countries 
like India, Bangladesh and Bunna due to low reliability of water supply and low labour costs. 
Farmers who grow rice under rain-fed conditions in these countries use voy little herbicide, in 
countries where wages are relatively higher (e.g. Philippines), herbicide usage is higher. 



wage rate 



Low. 



^Higfa 



High 



Manual 
+ Herbicide 



Herbicide 



Water 
Reliability 



Low 



Manual 



Herbicide 



Fignre 1. Hypothesized pftttem of labonr and herbicide nie^ 



56 



Copyrighted material 



AN ECONOMIC MODEL OF WEED MANAGEMENT 

Three basic economic questions regarding weed management arc (a) whether or not weeds 
should be conirolled, (b) what is the optimal intensity of control and (c) when is the best timing 
of control. Answers to these questions can be d^ived by using the concepts of marginal cost and 
marginal benefit. Hence die first step is to identify components of costs and benefits of weed 
c(mtrol. In doing so all costs and benefits, irrespective of Aether Of iK>t they are valued in the 
mark^ place should be included. 

Assuming that ail benefits and costs are somehuw accounted lor, it is then possible to apply 
economic principles to answer the diree questions posed above. For the sake of illustration, take 
the case of chemical control of weeds. The level of infestation at whidi a diemical treatment 
should be applied dqpends on the economic threshold. 

Headley (1972) defined an economic threshold as the population that produces incremental 
damage equal to die cost of preventing that damage. According to dds concept, it will be 
economically {wofitable to control weeds if the infestation is greater tfum the economic tfneshold. 

The concept can be illustrated by using a damage function which quantifies the relationship 
between loss in yield and weed infestation. A typical damage function is illustrated in Figure 
2. Using weed density as an indicator of infestation, the damage function traces out yield losses 
at different densities of an unifomdy distributed sin^e q>ecies of weed. When weed density is 
cK v^L to zero, there is no yield loss. As weed density increases, yield losses also increase but at 
a diminishing rate. 



Proportionate yieM to— 



1 



0 




»** ■ -* 



Flgnrc 2. Relationsliip between weed density and yteld lots. 
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Tabk 1. HerMcide use in rioe^ 



Country 


Value of 
herbicide 
use* (Sm) 


Herbicide 
use/ha (S/ha) 


Percent rice 
area irrigated 


Wage rate' 
(S/day) 


India 


23 


0.55 


44 


1.03 


China 


80 


0.41 


94 


1.03 


Bangladesh 


5 


0.47 


19 


1.42 


Indonesia 


6 


0.60 


81 


1.14 


Thailand 


18 


1.8 


27 


1.83 


Philionines 


11 

• » 


3 14 

a^ 


59 


2 1 

a 


Jiqpan 


659 


314 


100 


45 


South Korea 


110 


92 


100 


22 


USA 


100 


91 


100 




Other Countries 


1S8 








Total 


1170 









Souioe: * Ciba-Cicigy, Personal ('oniiiuiiii iiin n, 19!M 
** Rice area obtained from IKKI (1 9S) 1; 
• nUU(1991) 

In Figure 3, losses are expressed in money terms by multiplying the physical yield loss from 
Figure 1 by the price (^f output. A treatment that costs $ c/ha is wonhwbile only if the value of 
yield loss prevented is greater than $ c/lia. There is a critical weed density (W*) the economic 
threshold, at which this condition is satisfied. In the diagram, weed control is desirable only if 
weed density is above W*. 

The concept of economic threshold, although simple and intuitively appealing, has several 
limitations. The threshold, although presented in physical terms (i.e.. number of uceds nr), 
depends on the cost of weed control as well as the pnce of output. A new economic threshold 
needs to be calculated every time ^ese prices change. This makes flie tnq)lemeiitation of the 
concept somewhat cumbersome. A more serious limitation is that the intensity of weed control 
input is not allowed to be varied. In addition to decisions on whether or not to control weeds, 
farmers also have to decide on the intensity of weed control. Farmers may wish to alter the 
intensity of weed control by applying more or less weeding labour or herbicides. When weed 
control inputs are divisible, the ^reshold concept loses mudi of its tisefulncss. 

A more defensible economic approach to weed control is presented in Figure 4 in which 

marginal revenue (MR,,) and marginal costs ( NT ) of weed control are presented as a function 
ot weeds removed per unit area. For a given initial weed density, the marginal cost is assmned 
to increase 
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FIgiire 3. Econmiiic thrediold for weed controL 
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Figure 4. EconomicaUy-optimal level of weed control for a given level of infestation. 
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as more weeds are removed (citlio b\ Lhcmieal or by manual methods). For the assumed shape 
of the yield hiss function, tiie marginal benefit of weed control increases as more and more 
weeds are removed. Profits are maximised when W„ weeds are removed. If the additional 
profit realised at tiiis level of weed control is greater dian the fixed cost (such as the cost of 
labour oontract, movement of spraying tools to the farm etc.) associated with a decisioD to 
control weeds, it would be rational for a profit maximising farmer to chose W, , level of weed 
control. In the contrary situation, it wtiuld be optimal not to control weeds. Similarly, if the 
marginal cost cui've is above the marguiai benefit curve throughout its range ^as with MC| in 
Figure 4), weed control tedinology is too expensive relative to benefits expected and no weed 
control vnll be practised. 

Thus answers to both the first and second questions can be provided by applying the economic 
rules tor optimisation. The optimal timing for weed control can similarly be denved, although 
in most situations^ a biologically "critic^*' window outside whidi weed control may not be 
effective could be identified. 

In the above framework incremental costs and benefits of weed control were assumed to be 
realised in the current production period. By altering the size of the seed bank, current weed 
control decisions also affect futiu-e infestations, and hence, future benefits. Even though 
infestation in the current production period is below the economic dneshold, some degree of 
weed control may be justifiable if future benefits are also taken into account. A multi-period 
framework which takes into account benefits and costs not only in the current production period 
but also future streams of benefits and costs ;ire required fPandey ;ind Medd 1991 ). Such an 
approach is essential for a long-term management ol weed population rather than a short term 
"cure" of die weed problem. Empirical studies on other crops have indicated that, compared to 
the short-tenn approadh, along>term(q)proadltO weed management can reduce weed population 
to a lower Ie\ el and generate greater economic benefits (Cousens et al. 1 986; Pandey and Medd 
1991 ). The approach could also be applied to rice weeds where seed bank is the main source of 
seed carryover (Kim and Mercado 19iS7j. In addition, the multi-period framework provides a 
basis for incdpoiating sndi long-tenn effects as heibicide resistance and the effect of herbicide 
use on human health and environment. 

Risk considerations can be important in dctemiining farmers' choice of methods and intensity 
of weed control in rice fields. Unlike other inputs such as water and fertilisers, weed control 
inputs are "protective' in the sense that diey help reduce dam)^. Sudi inputs are generally 
considered to be 'i isk-i educing'. Depending on the source of uncertainty herbicides could be risk 

reducing or risk increasing (Pandey and Medd 1991: Horowitz and Lichtcnbeig 1994). To the 
extent that they actually reduce risk, risk averse farmers would tend to apply more weed control 
inputs than risk neutral farmers. 

Risk aversion could also be an important factor in determining the level of weed control inputs 
applied by rice fanners. Weed management practices which function effectively only under very 
precise management and cn\'ironmeiital conditions may be perceived to be too risky by farmers. 
In the Philippines, farmers use low levels of weed control input even though the marginal benefit 
cost rado associated widi high intensity weed control practices is large (Table 2). In addition to 
credit constraint, such a behaviour could be due to risk aversion. 
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Table 2. Economic comparison of hi^jli levels of weed control inpuf with fariiim* conrtnt 
practices in irrigated rice in three Pliilippine provinces^ 1984 dry season. 



LoCStiOD 


No. of 
titct 


Weed control cost (USS/Im) 


Profit (VSS/ba) 


BeBfffit:Cost 
ratio 






F 


R 


(R-F) 


F 


R 




Biilacan 


2 


2 


9 


7 


54 


87 


5 


Camarines 
Siir 


IS 


8 


9 


1 


120 


143 


26 


Nueva Edja 


11 


11 


9 


-2 


121 


172 


>25 



*F = Fanners'; R = Researchers' 



Risk consifferatioas are also important in the chdce of pre-emergence versus p08t«eniergenoe 
heibiddes. Pre-anergence herbicides have to be applied before weeds emerge. The application 

hence is prophylactic. On the other hand, post-emergence herbicide use is more flexible as it can 
be tuned to the level of infestation. Farmers may, however, opt for prophylactic applications if 
they believe that post-emergence control is too risky. 

EVOLVING TREND TOWARDS INCREASED HERBICIDE USE 

Tlie use of herbicides to control rice weeds has increased over time (Table 3). The Philippines, 
Thailand and India have more than doubled their herbicide imports in the 80s. Farm-level data 
tor ihe Philippines and Vietnam indicate that there has been an upward trend on expenditure on 
herbicides (Figure 5). 



Table 3. Change in llie valae of herbicide imports in sdected Asian countries. 



Conntry 


Period 


Percentage change in the 
value or herbicide 
imports 


Philippines 


1984-88 


165 


Thailand 


1980-90 


217 


India 


1987-90 


272 


China 


1987-90 


23 


Indonesia 


1984-88 


94 



Source: F AO (1988) 

The total value of herbicide sales in nce-producing countries has been estimated to be more than 
$12 billion in 1993 (Table 1). Over 50 per cent of this total is used in Japan. The share of 
developing countries is about 20 per cent (Figure 6). Several factors have contributed to 
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HvrtlcM* M* Itnial 




Herbicide use ($/ha) Central Luzon, Philippines. 



HwWcM* «M (Mil 
• 




Herbicide use ($/ha) Mekong Delta, Vietnam. 



Fi&ure 5. Farm level herbicide use in the Philippines and Vietnam. 



Japan 
56.3% 




Figure 6. Global herbicide use in rice 1993. 
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increased populai ity of herbicides for weed control. Theae can be classified into technological 
and economic factors. 

The traditional varieties of rioe» although low yielding, were naturally competitive widi weeds 
due to their early vegetative gro>Mh, tall statnre and drooping leaves. Modem high yielding 
varieties are relatively less competitive. Thus compared with traditional varieties, modem 
varieties tend to be more heavily infested by weeds. Due to the higher yield potential of modem 
varieties, yield gains obtained from a given intensity of weed control are also higher. 

Widespread adoption of hi^ yielding varieties thus created economic incentives for fanners to 

reduce weed infestations. Simultaneously, cheap herbicides became available while wage rates 
increased. In the Philippines, the ratio between price of herbicide and wage rate declined 
steadily over time, making herbicide use economically more attractive (Fig. 7). In lloilo 
province, Philippines, the cost of weed control by herbicide in wet seeded rice is less than one- 
iiftti of tihe cost of a single hand weeding (Moody 1994). Shnilarly, in West Java and Mekong 
Delta, the cost of hand weeding is 3 to 5 times the cost of herbicides. Economic analysis of 
weed contiol practices in the Philippines indicates that the marginal benefit-cost ratio associated 
with herbicide usage is as high as 16 (Table 4). 

The OMt-price squeeze ensuing from a long term decline in prices received for rice (Fig. 8) and 

increasing wage rates (Fig. 9) forced fanners to adopt cost saving methods. A major response 
to this has been a shift from transplanting to direct seeding. Direct seeding consists of so\ving 
rice seeds directly in the soil mostly by broadcasting. Thus direct seeding methods save on 
labour cost substantially. Most of die irrigated rice in Malaysia is wet seeded. Wet and dry 
seeding methods are becoming increasin^y popular in other rice producing countries also. 
Direct seedtiig, e^)ecia]ly dry seeding, is also encouraged bv the possibility of intensification of 
cropping systems. Even though weed control costs are higher for direct-seeded rice, savings in 
labour cost have been more than the additional cost of herbicide (Table 5). 



Heftidda/iiMgama 




0 'l i l t 
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Figure 7. Real price of herbicides (Philippines). 
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Table 4. ficoDoniics of weed control in irr^ted trans|ilanted rice*» Philippines, 1990 



Control method 


Grain 

yield 

(t/ha) 


Total 
variable 

cost' 
(USS/ha) 


Total 
return 
<US$/ha) 


Return 
above 
variable 

cost 
(USS/ba) 


Marginal 
benefit- 
cost 
ratio* 


No weeding 


1.5 


0 


263 


263 




2 liand weedings'' 


3.7 


90 


648 


558 


3.3 


Thiobencarb/2,4-D 


3.3 


19 


578 


559 


16 



(1.0 + 0.5 kg/ha) 

' Data on ncc prices and yields were obtained tmm I RRI f 1 991 ). Data on physical inputs and 
yields were obtained firom Ampong-Nyarko and De Datta, using analysis Irom previous IRRI 
Studies. 

* Assumfytions: Labour - US$2.09/day; 2 handweedings " 43 day/ha; Cost of hefbiddes « 

US$ 19. 

* Total variable costs reflects costs for weed control only. 

** Marginal benefit-cost ratio = change in returns above variable cost over change in total 
variable cost. 

Souice:Naylor(1994) 

Rice price (US$/t 1985 price) 
1200 1 




Figure 8. Trends in world rice price, 1953-93. 
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Wage rate (US$) 




0 ' ' ■ ' ' ■ ■ . ■ . 

1880 1885 1970 197S 1980 

Figure 9. Real wage rate (1975 price). 



Table 5. Herbicide and labour costs associated witti wet seeding and transplanting 
methods of rice estabUshment. 



Coimtiy HerUdde eoft (S/ha) Prc-harvcst labour cost 
($Aia) 

Trans- Wet- Add- Trans- Wet- Add- 
planted seeded itloBal planted seeded Wonal 

Philippines 7 9 2 36 8 -28 

Malaysia" 6 20 14 205 1 14 -91 



"Ergiuzaefo/. 1990 
^0 1994 

Weed problems are. however, more serious in direct seeded rice than in transplanted rice. As 
weeds and rice emerge simultaneously in direct seeded fields, the competitive eiiect of weeds 
on rice is much greater. The success of direct seeding method depends oitically on weed 
control. Empincal studies in the PhiHppi: i i \'ict nam indicate that farmers who use wet 
seeding relied more heavily on herbicides than farmers who transplanted and that there has been 
a shift away from manual method towards herbicides use (Tables 6 and 7). Similarly, in 
Peninsular Malaysia, 95 per cent of tarmers who direct seeded applied herbicides, with an 
average heibicide cost of $ 3Q/ha. On the other hand, only 46 per cent of the fanners who 
tranaphmted used herbicides, with average e]q>enditure on herbicides being S 4/ha (Moody 
1994). 
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Table 6. Weed control practices by crop establishmeat methods. 



Country % of Farmers 

Trtntplaated Wefr«<d«i 

Philippines 

-Manual only 8 0 

-Herbicides only 52 71 

-Herbicides + manual 34 27 

-None 6 2 

Table 7. Changes in weed control practices over time in Vietnam. 



Method of crop % of farmers tn varioro years 



establishment 




1989 


1990 


1991 


1992 


Dry Seeded 


Herbicide < Manual 


48 


47 


67 


71 


Herbicide only 


12 


16 


16 


16 




Manual only 


38 


36 


15 


12 




None 


2 


1 


2 


1 


Transplanted 


Herbicide + manual 


23 


33 


59 


71 




Herbicide only 


2 


0 


10 


18 




Manual only 


71 


67 


27 


12 






4 


0 


— i_ 


...,.0 



Herbicide use is increasing even in areas which are transplanted. Increasing unreliability of water 
due to a host of factors including deterioration in irrigation infrastructures (Rosegrant and 
Pingali 1991) has made weed control via water management somewhat uncertain. 

In addition to general increases in wage rates the seasonality' of demand for labour often results 
in labour scarcity during the optimal time for weed control. The peak of labour demand for 
weeding is likely to be accentuated in more intensive production systems. Thus, demand for 
diemical niediods can be expected to iiicrease as rice producticm is intensified 

Althouyh economic and technological factors are likely to lead to increased substitution of 
labour by herbicides, such a substitution may result in short term adverse social consequences. 
Due to the need to complete weeding within a short time w mdow, farmers rely on hired labour 
for weeding (Table 8). As anall aid marg^ ftnoen axe the main source of hired labour, tiieir 
income and employment will be adversely affected unless th^ can find an alternative use of 
their time. Increase in cropping intensity made possible by improved technology has in the past 
been able \o absorb most of the displaced labour (David and Otsiika 1994). The extent to which 
substitution of labour by capital in agriculture will occur without imposing welfare costs on 
certain groups depends mainly on government policies on exchange rates, pricing of inputs and 
ou^ts and macro-economic policies. To die extent that herbicides are made cheaper relative 
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to labour due to Jislortionarv price pcilicies, .substi(uti(>n of" herbicides for labour is sociallv 
undesirable In addition, negative environmental and health effects of herbicide use entail 
additional social costs. 

Table 8. Labour use by OpO'ttion by method of crop establishment, for three locations 
io the Philippines; Wet season 1981 and 1982. 



Bulacan-N. Hollo Camarines 

EcUa Siir 





WSR 


TPR 


WSR 


TPR 


WSR 


TPR 


Labor use (man days/ha) 














Land prcfMuration 


6 


8 


8 


8 


7 


14 




(57) 


(48) 


(38) 


(38) 


(71) 


(43) 


Seeding>%ansplanting 


1 


20 


1 


13 


1 


18 




(12) 


(100) 


(0) 


(92) 


(0) 


(100) 


Handweeding* 


3 


3 


7 


19 


5 


1 




(23) 


(20) 


(29) 


(74) 


(40) 


(54) 


Other pre-harvest 


8 


13 


I 


2 


1 


1 


(32) 


(38) 


(0) 


(50) 


(0) 


(0) 


Total ore-harvest 


18 


44 


17 


42 


14 


44 



TPR - transplanted rice; WSR - wet<seeded rice 



''Includes replanting and liandvvccding. 

Figures in parentheses indicate % of hired labor. 
Source: Cordova era/. (1984). 

INTER-FARM DIFFERENCES IN WEED CONTROL METHODS 

Despite an increasing trend in the use of herbicides in rice production in Asia, manual weeding 

is still the most common method of weed control, especially in rain-fed areas. As mentioned 
earlier, the choice of a particular method depends on its cost relative to the gains expected. In 
rain-fed areas, where yield of rice under weed-free conditions is lower than that under irrigated 
conditions, die intensity of weed control input is also likely to be lower. Thus part of the 
observed inter-flarm differoices could be due to access to trrigaticm. 

Wliereas the optimal intensity of weed control depends on yield response to weed removal, the 
relative opportunity costs of labour and chemicals are important in determining the preferred 
method. Even within an homogeneous agroecological environment, there are inter-farmer 
variations in die choice of weed control methods. Such variations may depend on farm size, 
family size, tenurial status and access to credit. Small farmers for whom the opportunity cost of 
family labour is likely to be low rely predominantly on manual weeding in contrast to large 
commercial producers. Substitution of family labour by herbicides entails additional cash cost. 
Herbicides will be less attractive to famwrs who have limited access to credit To die extent tint 
tenants are relatively poor and have limited access to credit, diey are unlikely to use cash 
intensive inputs such as herbicides. But die intensity of weed management by tenants deprnds 
laigdy on cost and output sharing arrangem«its. Empirical evidence across countries does not 
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show any consistent differences in weed management practices between tenants and landowners 

(Denning u/. 1983). 

Cash constraints can also force farmers to substitute rice seeds for herbicides, eq)ecial1y in 
direc(*seeded lice. In the Phih'ppines, faraiers use a hi^ seeding rate (150 kg'Tia) to decrease the 
competitive effect of weeds. Experimental work indicates that a high seeding rate does help 
control weeds ( Moody 1^)91 ). However, with high seeding rate, fertiliser requirements can also 
increase negating some of the weed control benefits. 

The degree of weed control applied depends also on systems level intotictions. For ^cample, 
farmers in rain-fed areas of the Philippines and Banglndesh use weeds as fodder. Weeds are 
removed from rice fields only when they are sufficiently tall to be cut. By this time, weeds 
would have exerted most of the competitive effects on rice. Apparently, farmers consider the 
value of ibdder to be greater than tfie loss of yield due to weeds. Weed control decisions could 
be affected similarly if farmm obtain other useful products from rice fields (for exan^le, fish 
and vegetables). 

Although rotation of rice with dry-land crops is believed to help reduce mlcstaiions of diftlcult- 
to-control weeds (Moody and Drost 1983), it is not clear the extent to which farmers use crop 
rotation mainly fin- weed control. Hydrological conditions may restrict the possibility of growing 
adty-landcrop. Furthermore, conversion fiom wetland culture to diy-land culture oaay require 
additional cost in land and water management 

Rotation of rice establishment methods for weed control is practised by farmers in iloilo 
province, Philippines. After wet seeding for several years, farmers vnih access to irrigatirai 
switch to transplanting to help control weed infestations built up during the wet seeding phase. 
Both the weed density and weed weight were found to be substantially reduced in a cropping 
pattern of dry seeded rice followed by transplanted rice (Moody and Drost 1983). 

ENVIRONMENTAL AND HEALTH CONSEQUENCES OF HERBICmE USE 

Cardul measurement and documentation of die environmental and human health consequences 

of pesticide use are rare for developing countrv' agriculture. In the case of rice, the International 
Rice Research Institute recently completed a detailed farm level assessment of the long term 
impacts of pesticides in the Philippines (Pingali and Roger 1995). In the case of rice, Philippine 
evidence indicates that indiscriminate pesticide use, both insecticides and herbicides, can have 
serious environmental and healdi consecjue n oes. The environmental effects are primarily in tenns 
of ground water pollution, reduction of vertebrate populations in surface water systems and the 
disruption of the long term species equilibrium in the paddy ecosystem (Pingali and Roger 
1995). At current low levels of pesticide use and given that the chemicals used degrade rapidly 
in the humid tropical climate, the environmental effects are small but one should not discount 
the potential for larger future efibcts. Ctmoem fbr potential future adverse inqncts is particularly 
strong when the rapid growth in herbicide use in Asian rice production is considered. 

The health effects of pesticide use in the Philippines, even at current levels, are quite substantial 
(Pingali etal. 1994; Rola and Pingali 1993, Antle and Pingali 1994). Eye, skin, pulmonary and 
neurologic problems are significantly associated with long term pestidde ejqwsure. The majority 
of the pesticides which might be linked to these impairments, the highly hazardous eatery I 
and n chemicals, while commonly available in the Philippines are banned or severely restricted 
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in the developed world. Herbicides have been particularly implicated in the high incidence of 
skin diseases, polyneuropathy, and gastro-intestinal problems (Pingali etal. 1994). 

Rola and Pingal i ( 1 993) found that the net benefits of insecticide use are negative when health 

effects are explicitly accounted for. Antle and Pingali (1994) found that insecticide related health 

impairments cut farm household productivity. When insecticide use is reduced, the \ ,ilue of die 
positive health benefit of reduced exposure is invariably greater than the value of the crop lost 
to pests. In the case of herbicides, the health - productivity trade-off is less clear. In the case of 
a switch from transplanting and manual weeding to direct seeding v^th herbicide use, the 
positive pfoductivity benefits are substantially greater dian the value of the adverse health effects 
(Pingali and Ro^ 1995). On the other handL the productivity benefits of a switch to herbicides 
in transplanting systems are smaller and may not outweigh the he;ilth costs associated with 
herhiciiic exposure. Table 9 provides a comparison of yields and net benefits for alternative 
weed management strategies with and without considering hculih costs. For details on the 
methodology used fbr Ae above ranking see Pingali and Roger ( 1 995). 

Table 9. Mean net benefits of weed control strategies incorporating healtii mt ^ for 
Nueva Ec^a rice farmers, Philippines. 



Weed control strategy Yield (l&g/ha) Mean net benefits 



Estimated Without With 
health costs health costs health costs 
($) ($) ($) 



Transplanthlg + 
handweeding 


5043 


0 


666 


666 


Transplanting + 

Handweeding + 
Herbicide 


4927 


5 


668 


663 


Direct seeding -t- 
Herbicide 


5131 


5 


818 


813 



POLICY AGKNDA I Ok VVF.KI) MANAGKMENT AND HERBK IDE USE 

An optimal pesticide policy revolves around possible ways of ensuring its effective use, that is, 

of promoting agricultural productivity while minimising the health and environmental effects. 

The following are the elements of a preferred scenario for pesticide use, both insecticides and 

herbicides. 



Judicious and Safe Use of Chemicals 

The movement away from prophylactic pesticide applications to a wholi^ managenient of the 
plant, pest, predator system will reduce pesticide requiremoits, even for intensively cultivated 
systems. However iniciir it d controls are knowledge intensive and location ^>ecific, they 

require substantial allocations of teehnieal and administrative resources in farmer training and 
extension programs, f armer training ought to also include safety procedures in handling, storage 
and disposal of chemicals. 



Evidence from the developed world and more recently from the developing world indicates that 
there is no productivity loss in substituting category I and II chemicals with category III and IV 
chemicals. For example, the switch from category II herbicide, 2, 4-D, to a category IV 
herindde, Imtadilor, does not lead to a loss in productivity. In fuc^ if die health gain associated 
with reduced expomre to the highly hazardous chemicals is accounted for, tfien diere oodd 
actually be a net productivity gain in ihe'swiidi to orteigoiy III and IV diemicals. 

In reuisterinL' or rc-tcLiisicnnu pesticides for use in a country, the regulatory agency nuiiht to 
have an unproveU under:>t;induig oi the productivity b«iefits as well as the risks of pesticide use. 
Risk-benefit assessment is tiie appropriate analytical tool for making soch decisions. While 
country specific measurements of impacts would give the most accurate technical coefTlcicnts 
for risk assessment, the value similar informatinn collected elsewhere should not be 
discounted, at least in a prior probability sense. An improved understanding of the trade-offs 
would allow the regulatory agency to be more discriminatory in its choice of chemicals to import 
and/or register. Farmers with improved knowledge of consequences of pesticide use, could be 
equally discrimonatii^ in thdr choice of pest ccmtrol strategies. 

Tariffs/Taxes 

Price and tariff interventions could be used to encourage the shift to safer chemicals and to non- 
chemical pest control practices. Very high tariffs especially on highly hazardous pesticides 
could discourage importers ftom promoting these chemicals. Very high rales of taxes of 
category 1 and II, versus the cat^ory ID and IV could encourage fiirmers to shift to safer 
chemicals. 

Antle and Pingali (1994) provide simulation results for Philippine rice production to show that, 
xiMle a uniform tax on insecticides and herbicides has negative effects on productivity, a tax on 
insecticides alone has a significant positive effect on productivity. Insecticides used in the 
Philippines are the highly hazardous category I and II chemicals. A reduction in the use of these 
chemicals has significant positive farmer health benefits, which leads to an increase in 
productivity. The loss in productivity resulting from increased pest related yield losses is more 
than offoet by the gain in productivity from improved healdi. The social benefits of restricting 
. insectiGide use are substantially higher than die social costs. The same argument does not hold 
for herbicides, because: i) herbicides used arc, generally, the less toxic category III and IV 
chemicals, therefore the health benefits are smaller: and ii) the yield response to herbicide use 
is substantially higher than the response to insecticide use. 

ASPECTS OF INTEGRATED WEED MANAGEMENT 

Given the trend towards increased herbicide use and the likely environmental and health 

consequences of such a trend, integrated weed management involving a cotnbination of several 
methods is desirable. In fact, most rice farmers adopt some form of integrated weed 
management practice (De Datta and Baltazar 1994). 

Long term management of weed populations without excessive reliance on only one method is 
the main purpose of integrated weed management. RcducinL' the build-up of the weed seed bank 
is a major aspect of such a long teim strategy. A good understanding of the population dynamics 
of weeds helps identity inicrvcntion points which may be more effective in regulating weed 
populations dian die more conventional approadi of killing weeds. 
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The seed bank of a .self-contaiiicil piipulati<^n of weeds can be nianipuhilcd bv altering 
recruitment, seedling mortality, seed viability and fecundity. Herbicides and weeding reduce 
population by increasing seedling mortality. Ploughing, haiTowing and other pre-planiing 
operations help deplete seed bank by altering recruitment. Fecundity is reduced by removing 
latc-cmerging weeds before their seeds are shed. By putting seeds at varying depths, deep 
ploughing can alt^ seed viability. 

In the case of rice, two major mctlH Js of weed managemeiu have been the manipulation of 
recruitment and seedling mortalit> . I he population dynamics of rice weeds have not been widely 
studied to be definite about the importance of diese two interventions relative to regulation of 

fecundity. However, in the case of wild oats, economic returns to the regulation of fecundity 
ha\c been estimated to be high ( Pandey ct nl 1^') > l \\ hen tliis tactic was combined with post- 
emergence herbicide treatments, the seed bank of wild oats decluied rapidly and a long-lerai 
control of tiie weed was made possible (Pandey and Medd 1990). 

A tactic that is relevant to rice fanners is to use clean certified seeds. Weed seed contamination 
is one of the major factors for dispersal of weeds of rice (!V1t)ody 1993). In the Philippines, 
approximately 24,000 weed seeds were found in a kilogram of rice (Rao and Moody 1990). 
When farmers keep their own seeds, contaminated seeds can add substaotiaily to the seed bank, 
despite their attempts to clean the seeds (Moody et ai. 1993). 

Using more competitive varieties of rice is another tactic for reducing the effect of weed 
competition. I iowever, in the case of rice, there appears to be a trade-off between competitive 
ability and yield (Moody 1991). Research on varietal improvement for weed management in 
rice is at its very early stage (Khush 1994). 

CO^( i.i sioNS 

The importance of weeds in rice production is likely to grow rather than diminish with 
continuing population induced increases in land use intensity. Rice weed management problems 
are compounded by growing water scarcity and by the rapid shift firom transplanting to direct 
seeding. Herbicide use is expected to keep growuig as farmers shift ftom hand-weeding in 
response to rising wage rates. 

The challenge for weed management research is to develop control strategies that sustain and or 
enhance fom profits while saf^uanUng the environmoit and human health. Strategies that are 
sustainable over the long term are more likely to be wholistic in approach and wdl im^rated 
w ith other crop management practices. Emphasis ought to shift from quick-fix solutions to 
problem prevention. 

Farmer incentives for adopting a w^listic weed management approach depend upon the relative 
prices of rice, labour and heriiicides. Where herbicide prices do not reflect the true social costs, 

tndiscriminate use will persist. Regiilator> policy could help change the relatix e price structure 
in order to reflect social costs associated w ith injudicious herbicide use. A three-pronged 
regulatory approach aimed at producers would be: i) cancellation of the highly hazardous and or 
persistent chemicals; ii) selective taxation to make the liberal use of all chemicals expensive; and 
iii) farmer trainuig in the judicious and discriminate use of chemicals. 
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W££D MANAG£M£NT IN TRANSPLANTED RICE 



Ze-Pu Zhang 

INTRODrCTION 

More tlian three liundred species and one hundred genera belonging to more than sixty plant 
families have been reported as weeds in transplanted rice fields. The weed llora varies depending 
upon soil type, climatic condtti(nis, cropping systems, coltura] practices, irrigation and weed 
control methods. The dominant weed flora in any one paddy field is usually about ten species, 
of which the dominant ones rarely are more than 3 to 4. Weed control in transplanted rice fields 
is basically directed toward controlling the following species: Echinochloa cnis-i^iilli (L.) P. 
Beauv., Scirpus piuiiiculmis i r. Schmidt, Sugiiiaria pyginaea Miq., Potamogeron disiinctus A. 
Bennett, Paspulufii distichum L., Cypents serotinus Rottb., Leptochlua chinensis (Rothj Nees, 
h4tmodtoria ve^nalis (Bunn.f.) Kundi» Scirpus Juncoides Roxb., Cyperus difformis L., Eclipta 
prostrata (L.) L., Polygomm (mphibUm L. and AHemaMhera philox&roides (Mart.) Griseb. 

Yield losses caused by weeds in transplanted nee fields depend upon the time of weed 
infestation, soil fertility, rice cultivar and planting methods. In transplanted nee fields, about 
60% of the weeds emerge in the period between one week and one month after transplanting. 
These emerging weeds are the inajor population competing with rice in maximum tillering stage 
and reducing the number of panicles causing the yield reduction. About 1 5-20"'ii of the weed 
population emerges in the period between one month ;uid two months alter transplanting and 20- 
25% of weeds emerge later and are not important in yield reduction. Increasing the rate of 
fertiliser application and the use of the younger seedlings associated with adoption of semi- 
dwarf, early maturing and erect rice cultivars or the use of smaller rice seedlings and a longer 
interval between puddling and transplanting to allow the soil to become firm in machine- 
ir;i!isplanting increase the weed problem. Keeping the paddy field weed free until the 
transplanted rice crop reaches the jointing stage and controlling weeds at the appropriate time 
ensures that high rice yields can be obtained. Elimination of weeds from paddy fields through 
proper manipulation of hmd preparation, date of planting, crop spacing, water management and 
chanioal weed control will sdso achieve high rice yields. However if weeding is not carried out 
at the appropriate time, crop yield will be reduced to a low level. 

Worldwide losses in transplanted rice from weeds within the past decade are estimated to be 
about 300 kg/ha annually. In addition to yield losses, costs of 3-5% due to herbicides, manual 
weeding and cultural practices have been estimated. 

PRINCIPLES OF INTRGRATF.l) \\ F.FD MANAGEMENT IN TRANSPLANTED RICE 
The choice of the weed management methods depends upon climatic conditions, soil type, 
control technology available, type of rice culture, the farmer's economic situation and the cost 

of weed control in comparison with the estimated value of the resulting yield increase. 
Elimination of weeds from pacK!\ fields through properly inanipulating soil moisture by land 
preparation, timely cultivation, plant spacing and maintaining favourable ecological conditions, 
integrated with chemical weed control is a most effective measure and is being warmly accepted 
by fuming people. Herbicides are highly effective, low-cost and safe to rice. However much 
time and effort in studies on herbicide effects on weed flora weed resistance to herbicides in 
different ecological rice regions arc required. Intensive cropping systems can increase the 
competitive ability of crops, therehs reducing weed pressure. \\'ccil ci.intri.>l is much more 
intensive where the farming people can achieve high rice yields. After harvesting, cutting and 
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burning of rice stubble and residual matter to reduce weed seeds cm the soil surf ace and in 
autumn or winter time p!oughin?i the crop fields to a depth of 20-^) cm are effectix c measures 
to reduce infestations of annual and perennial weeds in paddy fields. Most perennial weeds of 
rice multiplying vegetatively by means of ovenvintering buds, stolons, bulbs or rhizomes are 
more difficult to eliminate with chemical control. Deq» autumn ploughing can expose the 
vegetative organs of tlie perennial weeds such as Sagiffaria pyi^ttiacci. C\'penis serotinus and 
Elt'ocfumskiimginnii Ohwi to winter cold resuUint' in the drying and freezing of these organs. 
As an example, one autumn ploughing' to a depili of 2U cm reduced Poiamogeion distincius 
aibout 60% c o mpai^ed with that check fields. Even if the fields were ploughed to a d^th of 15-18 
cm in comparison with a shallow rotary tillage to a depth of 10 to IS cm, the density of weeds 
was reduced significantly. 

In the growing season, a tlrst tillage carried out about one month before sowing can remove 
perennial weeds; a second tillage done at two weeks before sowing encourages germination of 
weeds after rotovodon, and a last tilhige at one to tfiree days before sowmg followed by levelling 
paddy fields can eliminate weed emergence. Land levelling is very important for keeping 
uniform depth of water enabling rapid drainage and refloodiqg for satisfactory rice stands, as 
well as killing weed seedlings by submerging. 

Double cnqq>ing of rice witfi wheat, oil-seed rape, barley, broadbeans or other winter cropping 
crops in some temporate regions is an effective cropping system for reducing perennial weeds. 

Rotating rice with a dryland crop such as maize, cotton, sweet potatoes, sesame, or soybeans can 
reduce infestations of water tolerant weeds in rice. A one-year rotation ot paddy lields to dryland 
condition reduced Se^tttcaia py^ttaea. LeptodUoa dunensis and E<Miochloa app. Weeds in rice 
increase as the length of time after reconversion to wetland field increases. 

Shallow cultivation has the advantage of not exposing weed seeds from deeper soil layers to the 
surface where conditions are favourable to weed gennination. Shallow cultivation before sowing 
can destroy seedlings and sprouts of annual weeds. 

The use of tall old seedlings of rice in transplanted rice field raises the competitiveness of rice 

to weeds, minimising Scirpus plunicutmis infestations and; also, close spacing in rice culture 
enhances the competitive advantage of the crop plants to annual grass weeds. 

Together with rural economic development, tranq>lanted rice production areas aimed at 

increasing rice yields and reducing workdays in mechmical and hand weedings, chemical weed 
control is expanding. Time of application and types of sequential treatment adopted bv farmers 
differ, depending upon climatic conditions, cropping system, and weed flora. The hL-rbicides 
used in transplanted rice include pre-emergence soil treatment, early post-emergence soil 
treatment and foliage treatment. The use of pre- or post-emogence herbicides such as butachlor, 
oxadiazon and other relatively less selective herbicides to control weeds in rice seedbeds 
sometimes causes severe phytotoxicity to rice due to the climatic conditions and inapprrpnaf j 
application methods. Post-crncrgcncc herbicides or foliar applied herbicides uscvt in both 
seedbeds and U-ansplanted rice fields should have more selectivity, otherwise the rice seedlings 
may easily be damaged. Continuous use of the same herincides on rice for a number of years 
causes weed flora shift problems and devdopment of resitfant weed popuhitions. In some areas, 
weed populations have been shifting from grasses to broadleaf weeds or from broadleaf to grass 
weeds. For ouunple, the long-temi use of thiobencarb, molinate or nitrofen in transplanted rice 
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resulted in the elimination of the dominant Echintn hloa spp. population and the broadleaf weeds 
or sedges became dominant. Use of alternative herbicides and integrated weed management can 
overcome these problons. 

WEED MANAGEMENT IN RICE SEEDBEDS 

The major weeds in seedbeds ot rii.e aic Echinochloa spp. After transplanting, about 5% of weed 
population grows with rice in the planting hills, each weed plant can develop 5 to 10 tillers with 
an extensive root system, causing crop >ield reduction up to about 30%. So, it is very important 
to dmunate these weeds at the rice seedling stage before tranq>lanting by keeping the planting 
hill weed free as well as possible in paddy fields. 

Vhc most important preventive weed contrc^I method for rice seedbed can be practised through 
seed selection using high quality, uncontamuiated rice seeds, proper land prepar ation and water 
management^ cleaning out weeds on levees and field margins, screening out.weed seeds from 
irrigation water and cleaning hnplements to avoid spreadmg weed seeds or propagules from field 
to field. 

Water-seeded rice can give the best stands in a continuously flooded seedbed, but water seeding 
of rice does not produce seedlings. Dry-seeded rice germmates and the seedlings grow slowly 
but stronger than tiiose growing in a contimiously flooded seedbed and th^ recover more 
quickly after transplanting. However, dry-seeded rice seedbeds have more weeds and control is 

more critical than in water-seeded rice. Weed seedlings growing together with rice in the 
broadcast seedbed are more difficult to control using mechanical or hand weeding and farmers 
tend to adopt chemical weed (XMitrol methods. High seeding rates in rice seedbed compete with 
weeds* in some regions, seeding rates at more than 1000 kg/ha are popular and seed rates as high 
as 2200 kg/ha have been used. An increase o!" seeding rate fi-om SOD l^g/ha to 1 500 kg/ha resulted 
a significant reduction in w eed density, broadleaf weeds are most affected and sedges least 
affected by increasing seeding rates. 

Water management in rice seedbeds is a major tactic for weed control. In water-seeded rice 
seedbeds, irrigation is maintained to keep water 1 0 to 20 cm deep for a few days before sowing 
and 10 cm immediately after sowing. Water is drained off as rice germination begins. After most 
rice has emerged, seedbeds are flooded again to a depth of 10-15 cm until weed seedlings die. 
Water depth can be reduced to the level of seedling leaves. If the rice seedbed soil does not 
retain moisture to saturation, aeration in soil vrill encourage the weed germination and growth. 

In the rice seedbed, weeds begin to emerge in 4-5 days after sowing, and most weeds emerge in 
7-8 days, then the number of emergin;j \n eeds decreases. The dominant weeds are Echinochloa 
spp., and a practical way to control them is with chemicals combined with cultural practices. 

A substitutive- preventive metfiod is called the stale seedbed technique. This technique involves 

the removal of .successive weed plants before broadcasting rice seed. Weeds germinating after 
land preparation following rain or irrigation are destro\ed manually, mechanically or chemically. 
This technique has the advantage of not bringing more weed seeds to the soil surface where 
conditions are favourable to weed germination, but it gives no advantage if planting is ddayed 
too long. 

Nearly 100" ,) of annual weed seeds at less than 1 cm depth emerge about one week after seeding; 
at 1-3 cm depth they germinate after about three weeks; and most weed seeds below 5 cm depth 
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do not emerge. Herbicides should be applied, or cultivation should be done, when most of the 
weed seeds in surface soil have germinated and some weeds are from the two- to five-leaf stage. 

Forpre-emergence application of herbiciiies butacUor ex. 60% at the rate of 900-1800 g ai/ha 

or thiobcncarb 50% e.c. at 2000-3000 g ai/ha are usually used in Asian countries. However 
thiobencarb is safer than hiit:iclilt>r lo rice. Post-emergence application can be can-ied out after 
rice emergence from coleoptile to the one-leaf stage while weeds are at the 1-2 leaf stage. After 
draining water from the seedbeds, propanil 20% e.c. at 1800-2400 g ai/lia can be applied by 
spray for Echinochloa spp. control under hi^ air temperatures and intense sunlight. A tank 
mixture of propanil 20% ex. at 1000-1500 g al/ha and molinate 90.8% e.G. at 2000 g ai/ha 
applied for controlling Echinochloa spp. at 2-3 leaf stage may achieve effective results. SmK" 
herbicides such as butachlor or bifenox granular formulated at 1.0-2.0 kg ai/ha are applied into 
seedbeds for 7-8 days after sowing, in some regions, Post-emergence application is not practical 
because of the high toxicity of chemicals to young rice seedlings. Some post-emergence 
herbicides are highly toxic to rice seedlings if applied less than 25 days after sowing. 

For broadleaf weeds and sedges control in rice seedbeds, spraying with either 2,4-D or M( 1' A. 
when the air temperature is somewhat low, will produce some onion-leaf symptoms on the 
seedlings for 10 days after treatment. Japonica cultivars may be more sensitive than indica 
cultivars. Nowadays, these phenoxy heibiddes for dicotyledraous weeds have been rq>laced by 
bentaz II oy dymron for use on sedges. Bentazon liquid (48%) for annual broadleaf and sedge 
control in seedbeds, can be applied at the rate of 750-1500 g ai/ha diluted in an appropriate 
volume of water and spra>nng at any time after weed emergence. Dymron w.p. 50" o is only used 
for controlling annual and perennial sedges and applied at 2500-4000 g aLha by soil 
incorporation before levelling. 

WEED MANAGEMENT IN TRANSPLANTED RICE FIELDS 

An integrated system of weed control is being adopted in transplanted rice fields by many rice 

farmers. 

Weed oonttol in rice culture involves two basic tneasures: puddling and flooding of paddy fields 

and subsequent control of weeds by manual means or herbicide application. In south and 

southeast Asia as well as de^ eloping countries in other continents, mechanical and hand weeding 
may produce high rice yields but farm labour for rice weed control consumes about one-third 
to one-half of total labour input. 

Puddling the soil after land ploughing may reduce the broadleaf weed damage. The number of 
weeds in transplanted rice fields declines as the number of pre-planting hanowings increases. 

Good water management after transplanting is a well-known measure for weed control. Many 
weeds will not germinate under flooded conditions. After rice transplanting, a deep water layer 

maintained for as long as possible can suppress weeds; shallow water and alternating flooding 
and drying are favourable to weed growth. Maintaining a depth of 10-20 cm water can reduce 
infestations of annual grass weeds such as Echinochloa cfus-galli, however in some areas, it may 
increase aquatic weed problems. Although the crop requires alternate flooding and draining, 
continuous flooding in paddy fields at more tiian 15 cm dqpth maintained during crop growth 
can reduce competition from annual grass weeds. 
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By planting rice at close distances between hills, the crop rapidly forms crop canopy shading 
weeds. At a density of 100 to 200 plants/m' rice competes strongly with weeds. Yield losses are 
less with rice planted in hiUs at 20 cm x 20 cm conqiared with 25 cm x 2S cm spacings. 

In southeast China, farmers used to transplant old t il! rice seedlings in irrigated paddy fields to 
suppress weed growth, due to the fact that old scedlinus at the 5-6 leaf staue have tnore tillers 
than younger ones and begin jointing eai ly. In transplanted rice, fertiliser application should 
be done after weeds are removed. 

Despite some disadvantages, the use of a rotatory weeder and hand weeding may be the nn st 
effective methods for controlling annual and perennial weeds. Animal-drawn spike-tooth 
harrows, machetes, narrow spades, hoes and other mechanical devices are used for weeding in 
transpianteti rice fields. In some developed regions, manual rotary weeders or powered by a 
small gasoline engine and spike-tooth harrows drawn by animals are used. Two times of hand 
weeding at about 20 days and 40 days after tnnqdanting will be sufficient to control weeds, save 
labour hours and increase rice yields. 

Using a push-type rotary weeder or spike-tooth harrows in rice fields is only feasible when rice 
seedlings are planted in rows. One pass ova the transplanted rice fields between 10 to IS days 
after transplanting is deskable, if weeding were dixie late, planting spacing and tiie vridth of tfie 

rotary w coder would not be conqiatible, the rotary weeding cannot be used. Rotary weeders are 
not suitable for control of creeping grasses. Hand pulling is needed to eliminate remaining 
weeds after manual or powered rotary weeder is used. 

More dian 60 herbicides are used for transplanted paddy fields, some of them are formulated as 

mixtures of two or three active ingredients. Nitrofcn, chlornitrofen, propanil. thiobcncarb, 
butachlor. pendimethalin, molinate, oxadiazon, bensulfuron-methyl, bentazon, MCPA. 2,4-D- 
butyl. quinclorac. dimepiperate. pyra/osulfuron-ethyl. paraquat, iixyfluorfen, glyphosate-amine, 
dymron and the mixtures ol" thiobencaib plus simciryn, dimcihamcuyn plus pipcrophos, muhnate 
plus simebyn, butachlor plus bensuIftmnHndhyl, MCPA phis bensulfuron-meUiyl, MCPA plus 
stmetiyn» MCPA plus molinate and stmetryn, and MCPA plus d)iobencari> and simetryn are used 
worldwide. 

Salts, esters or amine-compounds of MCPA and 2,4-D have been used in south and southeast 
Asia far Post-onergence control of annual broadkaf weeds and sedges in transplanted rice for 
more dian durty years. Sodium salts of MCPA and 2,4-D are tiie most common formulations as 
they are water-soluble powders or water-soluble liquids and control Monochoria vaginalis, 
Sphenoctea xylanica Gaertner. Cypems d^omis and other annual sedges. 

The selective herbicide, propanil is used for controlling Echinochloa cms-galli, Echinochloa 
cobna (L.) Lmk and odier species of EchinodUoa on some kmds of annual grasses. Propanil can 
only be ^lied for post-emergence control of Echinochloa spp. at 1-2 leaf stage. However it can 
be applied in combination with other herbicides to broaden the weed spectrum and controlling 
older seedlings of Echinochloa spp. 
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Thiobencarb is more selective and safer to rice. It has many advantages, being high selectivity 
between rice and grasses, compatible with insecticides and fungicides, with a wide application 
period and bfoad weed fl|>ectn»L It can be applied under various dimatic conditioiis and at die 
period from weed pre-emergenoe to soOn after emeigence. 

Butachlor is a highly selective herbicide used in many tn^pical and subtropical areas for 
controlling annual grass weeds, broadleaf weeds and sonic sedge species. It can be applied pre- 
and post-emergence to weeds in transplanted paddy fields. 

Molinate is a special heibicide for controlling seedlings of Echinodtloa app. at the 1-4 leaf stage. 

Oxadiazon is the most effective herbicide to Echinochloa spp. it can be used at pre- and post- 
emergence. 

Bensulfuron, if applied at the appropriate time, is a more effective herbidde for sedge and 
broadleaf weed oontroL 

Bentazon is highly selective and effective against perennial sedges such as Scirpus pianiculmiSt 
broadleaf weeds such as Monochoria vaginalis, Alisma spp. and Commelina spp. 

Mixtures of two or more herbicides in transplanted rice fields to broaden the weed spectrum 
have been evaluated. About 30 herbicides used in combinations; could reduce the rates of 
individual products while increasing the number of target weed species. In past years, nitrofen 
was mixed with PCP, thiobencarb, butachlor or molinate used as pre-emergence herbicides. 
Nowadays, bentazon widi propsmil or with MCP A as post-weed-emergence heri>tcide8 are used 
fbrcontKdlingMmocAo/7t/ vui^inalis. Alisma orientale, Cypems difformis and other broadleaf 
weeds or sedg^. Mixtures based on thiobencarb, molinate, butachlor combined with s-triazine 
herbicides such as simetrvn have given good weed control in transplanted rice A new sulfuronyl 
herbicide, bensulfuron, has shown excellent aciivit) on Scirpus planiculinis and some broadleaf 
weeds but is not effective on grass weeds. Using butachlor in a tank mixture witii bensulfuron 
can produce satisfactory results. 

Most herbicides are fonnulated as emulsifiable concentrates, diluted with a considerable volume 
of water are applied by pre-emergence or post-emergence spraying. Some herbicides in dust 
form can be mixed with sand or dry soil and distributed by hand. Soil-spplied herbicides such 
as chlomitrofen and tiiiobencnb are usually fbnmilated m granular form being conveniently 
distributed in transplanted rice with standing water by hand broadcasting or wnth a granular 
applicator. The power pipe duster is also used for applying granular herbicides. Granular 
herbicides are generally more accepted than liquid forms. Other herbicides with special 
appHcation such as oxadiazon fonnulaled in emulrifiable concentrate form, are applied directly, 
widiout diluting to the water surface in fully submerged paddy fields by swinging the herbicide 
container as farmers walk throug^i ihe paddy fields. 

The well-known non-selective and systemic herbicide, glyphosate is applied by a wiping 
technique for controlling weeds growing above crop canopy. The technique is practised by using 
9Si inert absoibent mediimi to transfer heibicide liquid from the qipllcator directly to the target 
weeds whidi are taller than esop plants. 
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CHEMICAL CONTROL IN DIFFERENT WEED POPl LATIONS 
Annual grass weed populaiions dominated with Echinochioa spp. in transplanted rice fields can 
be controlled with llie timely applications of butachlor, thiobencarb, molinatc, propanil, 
quinclorac or pretilachlor. Butachlor 60% e.c. at 900-1800 g ai/ha or thiobencarb 50% e.c. at 
2000-3000 g ai/ha can be applied for 5-7 days after transplanting. Molinate 90.9" l . at 1500- 
2500 g ai/ha being more effective on 2-1 leaf" EchinochUni spp. than thiobencarb or butachlor, 
can be uscii for older .seedlings of Echiiuichlca control hut tin's hcrhiLidc evaporates readily 
from paddy soil, so it is necessary to maintain die Hooded condition to a depth of 5-10 cm for 
5-10 days. Quindoiac 50% w.p. is a most effective herbicide gainst old Echinochioa crus-galli 
seedlings aprsyed at 300-400 g ai/ha after dndniiig off the flooding water from the rice fields. 
Two to three days after application fields are flooded again to tiie depth of 3-5 cm and 
maintained at that for 5-7 days. 

Lqptochha chinensis can be effectivdy controlled by pre-weed-emergence application, 
pretilachlOT 30% e.c. at 450-600 g ai/ha applied at 4-5 days after tranaplanting or by post- 
emergence herbicides such as|m^>anil 20% e.c. at 2000-3000 g ai lia or thiobencarb 50% e.c. 
at 200{)-.'>()()0 g ai'Tia. Thcv are applied after weeds are at the 1 -2 leaf stage after draining off 
the flooding water. The fields are flooded again at 1-2 days after spraying. 

Scirpus planiadmis is adapted to a wide variety of conditions including salinity. Its tubors 

germinate about 5-7 days after levelling the paddy fields. The proper time for chemical control 
is at flowering when nutrients in the tubers have been exhausted and young plants have not 
formed tubers. Plants growing from seeds are easily killed by herbicides. For controlling S. 
planiculnm, the application of dymron 50% w.p. at the rate of 2500-4000 g ai/ha by soil 
incorpocBtion before levelling tfie paddy fields or bensulfiiron 10% w.p. at 15-30 g ai/ha by pre- 
emer ge nce treatment at 5-7 days after transplanting. The diethylamine salt or 72% butyl ester 
of 2,4-D at the rates of 500 g ai/ha or 1000 g ai Tia respectively can be applied for controlling 
S plauiculmis on flowering stage, and 48"o bentazon liquid can be applied at the rate of 750- 
1 500 g ai/ha giving good control. The mi.xture of bentazon and 2,4-D at 1000 g and 500 g ai/ha 
respectively is more effective than applying bentazon alone at 2000 g ai/ha to control 
pianicuimis. 

For weed populations dominated by Cypenis serofiniis, dyinron ^0% w.p. at the rate of 2500- 
4000 g ai/ha mixed with dr>' soil or sand incorporated into soil before levelling can achieve very 
good control results. Pyrazosulfiiron-ethyi 10% w.p. mixed with dry soil or sand broadcast at 
the rate of 22.5-30 g ^a into flooded paddy fields 3-5 days after transplanting, or Ordram* 
7S .4% e.c. (a mixture of three herbicides containing 60% molinate, 12% simetryn and 6.4% 
MCPB-ethyl ester) at the rate of 1 500-2.'>00 g ai/ha sprayed onto the target weeds or mixed with 
dry soil or sand then broadcast into the flooded padd\ fields 10-20 days after transplanting and 
maintaining water layer at 5 cm depth for 5-7 days can give satisiaciory results. Bentazon (48%) 
liquid alone at tfie rate of 1500 g ai/ha or bentaa)n (48%) liquid at 750 g ai/ha combined with 
20% MCPA-Na liquid at 450-900 g ai/ha diluted with water used as post-weed-emergence 
application can be sprayed onto the target weeds before hoe jointing stage. 

Putuniogetun distinctus is one of the haid-to-conirol perennial weeds propagating by overwinter 
buds depending upon their stored nutrients. A]^lication should be carried out while tfie floating 
leaves of weeds have become greenish and the stored imtrients have been exhausted. 

Bensulfuron lO"'?. w.p. applied at 20-30 g ai/ha 7-10 days after transplanting or Avirosan* 50% 
e.c. (a mixture of 10% dimethametryn and piperophos 40% e.c.) and 5.5% Avirosan* granules 
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(a mixture of 1 % dimethametryn and 4.5% piperophos) at the rates of 1200-1500 g ai /ha applied 

If)-! 6 days after transplanting can achieve the most ctTective results. Prometryn 50% w.p. at 500 
g ai ha or 25% siinciryn w.p. at 350-700 g ai ha applied ."^0-40 days after transplantiny produces 
good results in China, but if these herbicides are apphed under hot air temperatures they will 
occasionally cause injury to rice. 

MoiuK hnria vaginalis is an annual broadleaf weed and highly competitive. Many pre-emergence 
herbicides can be used to control this weed but several cohorts of seedlings emerge with rapid 
growth, so post-emergence herbicides must be applied several times. Bentazon (48%) liquid 
apfMed at 1500 g ai/ha after the weed has emerged at 2«3 leaf stage can give effective control. 

Sagittaria pygmaea. S. nakis and S. sagittifolia L. are difricult-to-oontrol w eeds in paddy fidds. 
In transplanted rice tlelds, emergence peaks are between 10 and 20 days after transplanting. 
Bensulfuron 10% w.p. at the rate of 20-30 g aiyha can be applied just before or within one week 
after transplanting. Bentazon (48%) liquid combined with 20% MCPA>Na liquid at the rates of 
750 g ai/ha respectively applied by foliar q>raying may achieve effective control. 

Bidens frondosa L,. B. tripartita L. and B. maximowiziana can be controlled at the young 
seedling stage. Bentazon (48%) liquid at 1500 g ai/ha or 20% MCPA-Na liquid at 750 g ai/lia 
can be applied by spraying after the field has been drained for 1-2 days. Ordram*' 78.4% e.c. at 
the rate of 2000-3000 g ai/ha mixed with dry soil or sand can be broadcast into flooded fields 
for 15-20 days after transplanting. 

Weed populations of Echiiiochloa cms-galli and PfUa/vogeton distinctus should be controlled 
With a tank mixture ot butachlor 60% e.c. and bensulfuron 10% w.p. applied at the rates of 900- 
1500 g ai/ha and 20-30 g ai/ha respectively 5-7 days after transplanting. The tank mixture of 
molinate90.8% e.c. at 1500-2000 g ai^Tia and bensulfuron 10% w.p. at 20-30 g ai/ha or molinate 
90.8% e.c. at same rate combined with simetr},Ti 25% w.p. at 280-380 g ai/ha can be applied to 
EchinocMoa spp. at the 2-3 leaf stage 10-15 days after transplanting then maintaining flooding 
water at 5-10 cm depth for 5-10 days. 

To control weed populations of Echinochloa cnu-galli and Pottunt^eton distinctus, Avirosanl* 

50% e.c. fa mixture of 40% piperophos and 10"-;. dimethametryn) or Avirosan* 5.5%> granules 
(a mixture of 4.5".( piperophos and T'o dimethamethyn) can be used at the same rate of 1 .'^OO- 
2000 g ai/'ha by spraymg or broadcasting respectively, 10-15 days after transplanting. However 
this hertridde formulation may cause phytotoxicity to rice under high air temperatures (>30 C). 
Other possibilities are ^nraying tanJc mixtures of diiobencarb 50% e.c. at 2000 g ai/ha and 
simetryn 25% w.p. at 300 g ai 'ha or the granular formulation containing 5% butachlor at 1 500 
g ai/ha and 0 3% simetryn at 90 g ai/ha by broadcasting into flooded rice fields 7-10 days after 
ttansplanting. In temperate r^ons wheK Echinochloa spp. and Scitpus spp. emerge at the same 
time, a tank mixture of butachlor 60% e.c. at 900 g ai/ha and pyrazosulAiron-elfayl 10% w.p. at 
15-20 g ai/ha applied by ifwaying or by mixing these herbicides at a same rates widi dry soil or 
sand broadcast into flooded fields 5-7 days after transplanting and maintaining water depth at 
3-5 cm. Molinate 90.8"i. e.c. at 1500-2000 g ai.'ha combined \v\th pyrazosulfuron-ethyl !0% 
• w.p. at 15-25 g ai/lia diluted with an appropriate volume of water can be sprayed or mixed with 
dry soil or sand and then broadcast into flooded water at two-kaf Stage of £lclt£i^ The 
field water level should be kept at a depfh of 5-10 cm. Dimepiperate 50% e.c. at 1200-2000 g 
ai/ha combined with bentazon 48% liquid at 750-1200 g ai/ha diluted with an appropriate 
voltime of water can be i^rayed before the two leaf stage of Echinochloa app. after transplanting. 
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Quinclorac 50% w.p. at 300 g ai/ha combined with bentazon 48% liquid at 750-1200 g ai/ha or 

quinclorac 50% w.p. at ?00 g ai/ha combined with MCPA-Na 56% at 400-450 g ai lia can be 
sprayed at the 2-3 leaf stage of Echiiiochlfui spp. Water is drained from the paddy field.s before 
spraying, and two days later, iiie tlelds should be reflooded maintaining the water layer at the 
required dqyth for 5-7 days. 

Paspalum clisticluim is a creeping perennial grass with an adventitious root system and rhizomes. 
It may be controlled with non-selective herbicides such as glyphosate or paraquat before rice 
transplanting and through land preparation. Glyphosate 10% liquid or paraquat 20% liquid used 
alone (eacii at tiie same rate of 1^0 g ai ha) can effectively control P. distickum, other annual 
grasses, broadleaf weeds and sedges, but if sprayed with paraquat will r^row fast^ than witii 
glyphosate plication. When the combination of glyphosate followed by paraquat was applied, 
the best results were obtained. Lecrsia liexcit^on can be controlled by treatment with glyphosate 
at 1 500 g ai/ha or dalapon at 800U g aiyha immediately after harvesting or by treatment with 
rCA at 2000 g ai/ha in the winter. 

Weed populations of Sdrpusplankulmis. Cypems serotinu s Bi,lriis fripartita taid other Bidens 
spp. are a perennial weed community: each of them may be the dominant species. In recent 
years, Biilens tripartiiu has become more important, especially under the water shortage in paddy 
fields in some Asian countries, such as China. Bentazon 48% liquid at 750-1500 g ai/ha plus 
56% MCPA-Na at 400-450 g ai/ha or propanil 20% e.c. at 1500-3000 g ai/ha plus 56% MCPA- 
Na at 420^500 g ai/ha and i^rrazosulfuron-etfiyl 10% w.p. at the rate of 30 g ai/ha can be applied 
for 7-10 days after transplanting. 

Ediinodiloa spp., Scirpus spp..P()tanit)gt't(>n spp. and Sagittariu spp. weed populations can be 
controlled with the mixture of quinclorac 50% w.p. at 200-300 g ai/ha plus 56% MCPA-Na at 
500 g ai/ha and bentazon (48%) liquid at 1000 g ai/ha sprayed post-emergence at 2-3 leaf stai^ 
of Echinochloa spp.. 10-20 days after transplanting. Ordram* 78.4% c.c. at the rate of 2400- 
3000 g ai^'ha can be used for this weed population control at the same application time. Algal 
weeds can be controlled by applvinu CuSO., .5H.0 at the rate of 200-300 g ai/ha per day for at 
least a week. Triphenyl tin acetaic at 1000 g ai ha and sodium etliyiene bisdithiocarbamate at 
6000 g ai/ha are also used for algae control in paddy fields. 
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W££D MANAGEMENT IN UPLAND RICE 



Keith Moody 

INTRODUCTION 

About 13% {\9.?< million Ikh ifthe total rice area of the world is planted to upland rice hut this 
accounts for only 4-5" n ot the world production: yields average about 1.3 t lia 1 'pland rice 
farmers are among the poorest of the world's farmers and have been largely unaffected by recent 
advaiKses in agricultura] productivity that have benefited many lowland rice producers. Yields 
<^ Inland rice are low because of problems such as lack of suitd)le cultivars, erratic water supply 
and poor weed control. 

In upland rice, weeds are the greatest yield-limiting constraint. The losses caused by and the 
cost of control of weeds are among the most expensive items of upland rice production. Weeds 
rank highest in terms of potential output value forgone (Herdt 1991). The extent and value of 
damage vary greatly from year to year depending on such factors as weed species, soil 
conditi(ms and climate. 

Major weed species in upland rice include Aj^aratum conyzoides L., Amuranthus spinosus I.., 
Qmmeibta ben^udensis L., Cynodon dactyhn (L.) Pers., Cyperus rotundas L., EMgUaria spp., 
Echinochloa colona (L.) Link, Eleusine indica (L.) Gaertn., Porhdaca oleracea L. and 
Ronhoellia cochiiichincrisis {].om ) W.D. Clayton. Parasitic weeds (SIfniga spp.) are becoming 
increasingly inqportant in Africa and Madagascar. 

The r^oval of weeds is one of the greatest problems for a rice farmer. The success or 
odierwise of die rice crop depends on this operation (Subbiah Pillai 19S8). Weeding is die major 

bottleneck in the rice agricultural calendar and limits the area of land that can be cropped. In 
some cases, the available labour is limited and cannot cope with the weed problem; as a result, 
fields are abandoned. 

YIELD LOSS 

Protecting the rice crop from weed infestation is one of die more important and effective 

yield-increasing operations. Tn the absence of efficient weed control, other inputs such as 
high-yielding, disease and insect resistant cultivars and fertilisers will be useless. Weed 
con^etition and corresponding yield losses are usually greater in upland rice than in other rice 
production systems (Moody 1983). The limited data available show that production losses can 
reach 30-40% for fields that are poorly weeded (Anon. 1 988); yield losses can be almost total 
if there has been no weed control. Hlliot and Moody ( U)87) reported that an additional weeding 
within 8 weeks alter crop emergence resulted in yield increases of 43-80%. 

CRITICAL PERIOD OF COMPETITION 

During the cropping period, there is a particular length of time, the critical period of 
competition, durin;! which the crop is very sensitive to competition and (he presence of weeds 
above a ceiiain density will cause a significant yield reduction. Weeds should be controlled 
within this period, fhe precise time and duration of the critical period depend on many factors 
such as the weed flora, growdi characteristics of the rice and the weeds, cultural practices and 
environmental factors (Moody 19T7b). Weeds that emerLie before or with the crop are far more 
competitive than those that emerge I to 2 weeks later than the crop. If weed growth can be 
prevented from tlie initial slow-growth phase of the crop until it enters the fast-growth phase, 
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the influence of weed competition can be greath i eniuced. The maximum tillering stage and the 
stage before rice heading aie the most sensitive to competition from eeds resulting in reduction 
in the number of productive tillers and in the number of panicles causing severe grain yield 
losses. 

It is often during the period fi-om 2 to 6 weeks after emergence that upland rice yield is lost due 
to competition tVotn weeds (cf. Ghosh ttl. 1975; bahai ef al. 1983; Anon. 1985; Beheraand 
Prusty 1992); the longer weeds compete with the crop, the lower the grain yield. The end of the 
critical period of oompedtion is reached when ibe crop's canopy is sufficiently developed to 
suppress emecging weeds. At tJiis time, a unifonn rice stand is important to avoid the 
establtdiment of late-emeigmg weeds in gaps left by irr^iiilar stand establtshment. 

WEED CONTROL METHODS 

Most cultural practices may be regarded as means of weed suppression and an increase in dieir 
efficient would contribute to better weed control (Anon. 1952). 

Burninj: 

Burning is essential under 'raditional farming systems to rid the land of the great mass of plant 
debris following land clcu ing or a fallow period, in order to obtain a suitable seedbed for 
cropping (Kang and Sajjapongse 1980). Burning is known to have multiple effects such as 
increase in phosphate, silicate and cation levels of the surface soil from the addition of ash, loss 
of part of the nitrogen and sulfur from organic plant residues, increase in soil pH and reduction 
in soil microbial population from direct heating of the immediate soil surface (Nye and 
Greenland 1960; Laudelout 1964). 

Weeds which are in die process of germinating or have already germtnaled are killed by fire. 
Mostdiy seeds, however, are more tolerant of high temperatures than arc plant tissues and often 
require prolonged exposures to kill them (Schlesselman etal. 1985 ). Moody (1991) reported that 
burning promoted the gennination of Mucuna pniriens (L.) DC. and Mimosa invisa Mart. A/. 
invisa has a hard seed coat and high dormancy; during buming the seed coat bursts, imbibition 
takes place and gennination begins (Eussen and Wi^ahar^'a 1973). 

Cover Crops 

Shifting cultivation is a term used for an agricultural system which is still widely practised in 
the humid tropics. The system involves farming a piece of land for a short period following 
clearing until Alining yields or increasing weed intensity fbfce the farmer to abandon the land 
to fallow. Generally, the land is fallowed for a longer period than it is cropped (Moody 1 975). 
During the fallow period the abandoned crop area is recolonised by native herbaceous, shrub or 
tree species or by adventive species (Norman 1979). If population pressure or lack of 
alternatives shoiten the penod of regrowth or extend the cropping period beyond that for which 
a particular soil and topography are best suited, ^ system deteriorates. The f<»rest fails to 
regenerate and the land may be taken over b\ egetation not adaptable to the system. In 
southeast Asia. Impcrata cyliiilnr:! ( L. ) Raeuschel coven much of the land that has been lost 
to the system (Barker and Uerdt 1985). 

Jurion and Henry ( 1969) reported diat /. c^intbica was succes^ly amodiered by legume cova 
crops. In order of effectiveness, these were tropical kodzn [IHiemria phaseoloides (Roxb.) 

Benth.], stylo and calopo (Calopogonium mucunoides Desv.). However, legumes will not 
establish in the presence of /. cylmdrica if they are broadcast on unploughed land; the seedlings 
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of many introduced grasses and legumes make slow initial growth and do not compete 
satistactonlv with weeds. The land must be ploughed to partially control the weed. Phosphate 
may aUo need to be applied. Other promising cover crops include mucuna [Mm una pninens 
(L.) DC. var. utUis (Wight) Burck], centro {Centrosema pubescens Benth ), phospho 
(Pho^hocarpuspalustrisDGSv.) (Akobimdu 1992). 

Desiccation 

Ploughing at the end ol the rainy season brings many of the roots, rootstocks and vegetative 
propagules of perennial weeds to the soil surfoce viimc they are killed by desiccation. 
Additional cultivations can then be carried out during the diy season, if necessary, to control 

persistent weeds. Final land preparation can be done immediately after the start of the next rainy 
season so that one or two flushes of weed seedlings can be destroyed before the crop is planted 
or the seedbed might be in such a condition that the crop can be seeded without further land 
preparation. 

Land Preparation 

The success ot" upland rice depends on the thoroughness of land preparation (Camus 1921). A 
poorly prepoi ed field does not provide a suitable medium tor optmium plant growth. Failure of 
some rice seeds to germinate, uneven crop stand and poor crop growth result in delay in canopy 
closure or vacant spaces providing opportunities for weeds to grow. 

Land is prepared mainly by animal-drawn implements or manually. Ploughing for seedbed 
preparation is intended to destroy existing weeds and to stimulate germination of weed seeds in 
the top soil layers so that resulting weed seedlings can be killed by harrowing before the crop 
is planted. Poor land preparation is a major factor in increaang weed infestations (Alhmt 1942; 
Abeyratne 1956; Biswas and Khan Bassi 1982). 

Plou^;hin^ Depth 

Uichanco (1959) reported that increased tillering, plant iicight, crop yield and better weed 
control were obtained with deep ploughing (20-25 cm). Other authors (Pande and Bhan 1966; 

Ciufs 1975; Singh et al. 1988) have also shown the effectiveness of deq> ploughing in reducing 
weed hiomass. Deep ploughing may bury weed seeds at a depth that prevents germination but, 
at the same time, it may also expose other, once deeply buried weed seeds to conditions 
favourable for germination (Stoskopf 1985). 

Stale Seedbed 

Weed problems in upland rice may be reduced by allowing successive flushes of weeds to 
emerge following rainfall and controlling them either with a shallow cultivation or by the 
application of a nonselective, nonresidual herbicide, fhe herbicide should be applied or 
cudtivadon should be done when most of the weed seeds in the surface soil have germinated and 
the weed seedlings have reached the two- to five-leaf stage. Seeding should take place as soon 
as possible after complctti n of these operations. Later weedings may be reduced or delayed by 
using this method of land preparation. 

Blind Cultivation 

Cultivation after planting but before seedlings emerge is sometimes practised to break the soil 
crust creating conditions favourable for rice emergence and stand establishment and to kill young 
weed seedlings. This is commonK d ne with a spike-tooth harrow or other implements with 
finger-like tines that lightly penetrate the soil. 
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Cnltivar Grown 

The crop is the most important agent in weed control. The coinpetmg power of a crop against 

weeds is relative to and conditional upon factors such as cultivar gro\\'n, land preparation, row 
spacing, seeding rate, fertiliser rate and apph'cation lime, time of planting, time of weed 
infesiaiiun, duration of weed control and time of weeding. 

Upland rice farmers who are dependent on manual weeding for weed control cultivate tall 
( 1 .3-1 .6 m) cultivars which are more competitive with weeds than the short, modem cultivars. 
Garn'tN' ct al. (1992) identified several cultivars which were hiuhls competitive against weeds; 
weed weights for the five most competitive cultivars were 75% lower than those of the five least 
competitive cultivars. Rice plant iMight was die character most strongly related to low weed 
weight, with statisticdly significant correlations ranging ftom -0.76 to -0.88 across weeding 
levels and years l eaf area index was also negatively correlated with weed weight but tiller 
number was not. The minimum plant height to adequately suppress weeds was 1.00 to 1 . 15 m. 

Con^ietitiveiiess alone is not an adequate weed control method. Although powerful, it needs to 
be integ r ated widi other techniques (Minotti and Sweet 1981). Usmg a competitive cultivar and 
enhancing its competitive ability through good crop husbandry can minimise weed control iiqnits 
needed to achieve optimum yields (Harwood and Bantilan 1 974). 

Can ity e/ ul. (1992J concluded that the choice of a relatively competitive cultivar may provide 
the practical equivalent of one or two hand weedings. The additional cost to obtain a 
comparable level of weed control with semi-dwarf cultivars may be a significant foctor 
underlying their lack of adoption by fanners. 

Canopy Closure 

The eailier the canopy doses, tfie lower tiie loss of nutrients and water doe to weed competition 
(Moody 1991). The rate at which tiie canopy closes depends on climatic conditions, distance 

between rows, cultivar grown and amount of fertiliser applied. Under upland conditions, it may 
take up to 45 days for the canopy to close. A topdressing of fertiliser after the first weeding will 
boost rice growth and canopy closure will be earlier. 

Seeding Rate 

>Iigh plant density can suppress weed competition in upland rice (Kawano et at. 1972; ARS 
1981; Kehinde 1985; Gassaver andFion 1988). 

Intercropping 

Intercropping refers to tiie growing of two or more crops simultaneously on tiie same piece of 
land. Increased productivity, insurance, reduced weed growlh, reduced pest problems and 
reduced labour are reasons given for intercropping (Moody 1977a). 

In Laos, Shelton and Humphreys (1972) successfully established stylo [StylosanUies gukmensis 
(Aubl.) Sw. cv. Endeavour] in upland rice up to 35 days after plmting to provide protein feed 

for livestock after harvesting the rice grain without detrimental efifect on rice yield. Sowing 
molasses {Melinis mimttiflnra Beau\ . ) and guinea iPanicum maximum Jacq.) grasses with the 
rice crop decreased rice yield by 19'! o; rice yield was unaffected if stylo and grasses were sown 
together. By using this establishment technique, weed generation may be partly controlled by 
a pioneering pasture Iqsume, better anhnal use of low qualfty crap residues becomes feasible and 
soil protection and fertility accretion may result. Sinniltaneous undersowing of inland rice witii 
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stylo at Klion Kaen, Tliailand did not affect vegetati\'e growlh of rice but reduced grain yield by 
19% but not if stylo undersowing was delayed for 10 days (Shelton and Humphreys 1975). 

Elliot etai.(\ 992) reported diat weed growth was less when cowpea [ Vigna unguiculata (L.) 
Walp.] was intercropped with upland rice than when upland rice was growTi alone due to rapid 
canopy formation of the cowpea crop. Sengupta et al. (1985) reported similar results with 
upland rice and blackgram i^Vigna nmngo L.), 

Alley Cropping 

Alley cropping is a system in which food crops are grown between hedgerows of perennial 

leguminous, woody shrubs and/or grasses (Kang et al. 1984). Advantages of alley cropping are 
that farmers can grow a crop, a green manure, a mulch and a fodder simultaneously (Kang and 
Duguraa 1985). Weed and erosion control, as well as provision of fuelwood and livestock feed, 
ai»dao inaportant attributes of the system (Vmson and Kang 1981). Weeds are reduced hy the 
shading effect of the hedgerow species (Newman I98S; Jama et al. 1991), by the prunings 
placed on the soil surfoocas a mulch (Yamoah et al. 1986; Budelman 1 988) and pCM^Uy by 
lenchatcs from the decaying mulch (Jama et al, 1991 ). A shift in the weed species from grasses 
and sedges (C. rotimdm) to broadleaved species which are easily letuoved has also been reported 
(Jama era/. 1991). 

Fertiliser Application 

Weed growth is usually stimulated by applications of nitrogen and phosphorus. High fertiliser 
levels can cause proportionately trrea'er weed growth th:in increase in crop yield. Weed control 
is, therefore, more important at lugh than at low soil fenilii). 

Fertiliser application should be timed to prevent weed proliferation and yet obtain maximum 
benefit for the crop. When rice plants are small, they do not require nor can they use much 
nitrogen. Nitrogen application should be delayed iitHil the weeds have been removed fMoodv 
and Mian 1979), otherwise weed competition may uicrease to such an extent that crop yield may 
be lower than if no fSsitiliser had been applied. Moody (1981) repotted dut, in most cases, yteld^ 
of unweeded fertilised treatments were considerably lower than those of weeded treatments to 
which no fertiliser had been ^plied. 

A considerable portion of the added nitrogen may be used by weeds (N uptake by weeds is 
negatively ctnielated with N uptake by rice), thus higher amounts of nitrogen will be needed to 
obtain maximum rice yields (Smitii 1960). By controlling weed growth, it is possible to 
maintain crop production at a lower level of nitrogen fertilisation (Moody 1981). 

In upland nee, fertilisers should be applied immediately after weeding (Dobby 1955; John and 
Kalode 1981). If weeds are not controlled before fertiliser is applied then weed competition 
increases. If weeds are not adequately controlled tiien fertiliser should not be applied 
(Sankarama 1986). 

In Aungban, Myanmar, upland rice farmers mix fertiliser (urea + triple supeipliosphatej with 
seed and drill the mixture into furrows to reduce costs (Fujisaka ef a/. 1992) and possibly to 
make the fertiliser more available to the crop than the weeds, tihus reducing weed growth. 
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Manual Weeding 

Manual weed control methods are usually used in most upland rice fields and farmers typically 
invest several hundred hours per hectare in these operations. One weeding, no matter how well 
timed, will not provide season-long weed control in upland rice. When upland rice fields are 
modendidy infested with weeds, two weedings, one as early as possible (10-14 days after 
emergence) and the second 20-25 days later, are generally sufficient. However, when weed 
growth is severe, three timelv weedings may be necessary to nunimise yield losses caused by 
weed competition (Moody 1991). 

Inter-row Cultivation 

Inter-row cultivation is also practised in some areas but its effectiveness is highly dependent on 
the uncertain occurrence of suitable soil moisture conditions for field operations (Garrity et al. 
1992). Heavy rains soon after planting prevent the use of inter-row cultivation on medium to 
heavy textuFed soils. Also^ if it lains soon after inter-row cultivation, the weeds may quickly re- 
establish widi little or no appastsu injury. Grasses conq[>letely smother the rice crop in fields 
where tillage operations have not been successful. 

A traditional system of weed control in upland rice in Batangas, Philippines is to pass a 
spike-toodied harrow, or kalniot, diagonally across the rows from 10 to 20 days after emergence. 
This is followed by one or two inter-row cultivations witii a li^ao (wooden funrower). These 

operations uproot weeds, bury them or disturb tiieir roots causing them to die or be greatly 
weakened Crop injury and mortality are countered by using high seeding rates. Weeds that 
survive are usually removed manually using a dulos (native trowel). 

Crop Rcddues 

Khan and Vaishya (1992) reported that residues of rice cv, Sarjoo-52 reduced the population of 
E. colona by 40% and broadleaved weeds by 56%; tnomass produ^on was reduced by 39 and 
64%, respectively. 

Herbicides 

Many countries are experiendng rismg labour costs and a shortage of labour, accompanied by 

a high labour requirement for controlling weeds in rice. Chemical weed control is consequently 
taking on increasing significance for rice growing and is viewed by many fanners to be a 
problem solver. 

Pre-emerg»ice herbicides that have been r^KHted to control weeds effectivdy m upland rice 

include butachlor, oxadiazon, oxyfluorfen, pendimethalin and thiobencarb. Post-emergence 
herbicides that control yrass weeds effectively include propanil and fenoxaprop-ethyi, 2.4-D, 
MCPA and bentazon have been used for broadleaved weed and sedge control. Proprietary 
mixtures or herbicide combinations that have performed well under upland omdititnis indnde 
oxadiazon + propanil, fnperophos + propanil, pretilachlor + dtmediametryn and boitazon + 
MCPA. 

Herbicides have proven effective in some cases for weed control in upland rice but unfortunately 
they are not sufficiently reliable under a wide range of environmental conditions. Herbicide use 
is only a partid substitute fiw haiid-weeding and has been tised as a labourwving d^ 
than a means to enlarge the area cultivated (Cramb 1984). 
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CONTROL Ol ST RIG A SPP. 

There is no single method presently available to control Strr^a which is both effective and 
economically feasible. The best solution is an integrated approach that includes a combination 
of all available methods. Control measures must involve a long-term integrated approach with 
soil improvement/ conservation bang the end point (Mboob 1989). 

The use of an appropriate trap crop for one or more years in rotation with a resistant tolerant 
cultivar will go a long way to reduce the number of Strij^a seeds in the soil. Ihis may be 
enhanced!^ the use of supplementary weed control measures, such as hand pulling, hoeing or 
application of a herbicide^ to destroy the ^rtga plants. Integration of weeding with high urea 
application, appropriate sowing date and effective control of weeds which may serve as alternate 
hosts, will further enhance the long-term control of Striga. However, unless preventive 
measures are taken, leinfestation may occur even when effective control has been achieved. 
Reinfestation can be averted through effective seed quarantine, equipment hygiene, weed free 
ifrigatiim water and the use of composted larmyard manure. seeds have usually lost 

viability in composting and farm animals should have beat prevented from feeding on 
flowering plants (Lagoke era/. 1991). 
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W££D MANAG£M£NT IN DIRECT S££D£D RICE 



Nai-K.in Ho 

INTRODUCTION 

Direct seeded rice is conveniently classified into wet seeded and dry-seeded rice culture. When 
rice is wet-seeded, land pr eparation is essentially the same as that of transplanted rice. After 
ploughing, raking and puddling, the rice fields are levelled to avoid ponding of water. Pre- 
germiiuted rice seeds are nomially broadcast by hand or machine on a saturated soil surface. 
Prior to seeding, excess water is drained from tfie field to ensure uniform seedling establishment 

When rice is dr>'-seeded, the rice fields are ploutihed when dry. The broadcast non pre- 
genninated .seeds are subsequently incorporated into the ground without any flooding. The crop 
begins its life cycle as a dry land crop, but as the rainy season progresses, water accumulates in 
the fields, and the crop muXfy conqyletes its life cycle as a wet-land crop. 

The recent transformaticMi in crop establishment technique from transplanted to direct seeded rice 
cultivation in Thailand Philippines and Malassia. tias resulted in dramatic chanyes in the types 
and intensity of weed intcstation. Studies conducted in Malaysia clearly showed that the direct 
seeding tedinique caused weed populations to shift from die less competitive broadleaves and 
sedges to difficult to control grasses (Baki 1982; Ho 1984; Aznoi and Supaad 1986; Lo 1988). 
A much wider range and intensity of weed problems can be expected with further expansion of 
direct seeding. 

Moody (1983) reported that weed con^etition is greater in wet seeded rice tfatti in ttanaplanted 
rice, lliis is because of tiie siimlarities in age and morphological characteristics of grassy weeds 

and rice seedlings. Yield losses due to uncontrolled weed growth were on average 9?/o higher 
in wet seeded rice than in transplanted rice in trials conducted at IRRI over the past 20 years. 
Weeds are a more serious problem in dry-seeded rice than in other cultures. Lack of water is the 
main factor which triggers increased weed density and competition in dry-seeded rice. 

This chapter outlines the various methods used in weed management for direct seeded rice in 
Asia. Other aspects covered in this chapter include the iiitc;.irated approach, as well as future 
needs in research and technology development under direct seeded conditions. 

AGRONOMIC PRACTICES 

Land Preparatioil 

Proper land preparation is the key to good crop establishment. Tli T Mii^h land preparation 
reduces weed prohlcms in direct seeded rice, while poor Innd prcp^nation increases weed 
infestation, severity and lowers herbicidal efficacy. Conventional land preparation for effective 
weed control normally requires one ploughing and two harrowings. Where perennial weeds are 
absent, zero tillage techniques succeed without loss in crop yield (Seth «f 1971; Croon 1978). 
However, where perennial weeds such as Paspalum (li\tichum L. are present, increased tillage 
frequency is essential to minimise weed populations. P. distichwn consistently declined in direct 
seeded rice as the number of harrowings increased (De Detta 1981). 

Curfs (1976) found less weed growth on soils that were ploughed deep and rotovated with a 
high-powered tractor than those that were shallow-ploughed or zero tilled. 
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In China, intense land preparation by roto-tilling and maintaining rice fields as a clean fallow 
during the dry season can control weed urowlh effectively in dry-seeded rice; additional 
advantages are soil-moisture conserv ation and earlier planting at the onset of the rainy season 
(Zandstrae/a/. 1977). 

Field studies on the growth of Echinochloa slagnina (Retz.) P. ISeauv., a perennial grass in the 
Muda area of Malaysia revealed that rice fields which were prepared with only one round of dry 
rotovation were most severely infested by E. smgnina. The rotary cultivator chopped up the 
Stolons of E. stagnina into segments. The spread of these segments were later facilitated by the 
land levelling process canied out by the tractcns equipped widi rear bodcets. However, ^en tfie 
rice fields were rotovated twice wider tlic inundated condition with thorough puddling, rnany 
severed stolons off. stagnina were enibeded in the soil and submerged in standing water. The 
sprouting capacity of A", stagnina was drastically reduced. Thorough soil puddling and regular 
weeding along the dykes and levees kept E. stagnina under control (Ho and Itoh 1990). Another 
Study in the Muda area on Marsitea mimita L., a pereunial fern, indicated that land levelling 
wider wet fidd conditions aggravated the Marstka problem by diq>er8uig the rhizomes over die 
fields, whilst dry ploughing and dry land levelling exposed the rhizomes to the hot sun and 
reduced Marsilea infestations. In the wet season, rotovnticm fc>ilowed by two rounds of raking, 
resulted in lower Marsilea density than with only one round raking (Ho 1985). 

Moody (1983) reported diat die most impCHtant effects on weed growdi in rice come ftom 
puddling and good water control. Puddling buries the weeds in the lower layers of mud where 

they are decomposed by anaerobic micro-organisms to form ammonium compounds which could 
be used directly by wet-seeded rice Remarkable reductions in weed infestations have been 
observed when tlelds were puddled iwicc at 15-uay intervals. Puddling enhances both crop yield 
and water use efficiency in direct seeded rice. 

Levelling of the field is more important in wet-seeded rice than in transplanted rice. This is 
because under direct seeded conditions, developing rice seedlings can be killed or greatly 
retarded in their growth when ponding of water occurs (Moody 1977). 

Seeding Rates 

Close spacing can minimise weed infestations and increase grain yield. The closer the rice plants 
are sown, the greater is the rice competition against weeds (De Datta 1988). In wet-seeded rice, 
the quantity of seed used is usually greater than for transplanted rice. In the Philippines, rates 
of ISO kg/ha are not uncommon, and rates as high as 400 kg/ha have been used (Moody 1977). 
Significant decreases in weed wdght were observed as die seeding rate was increased firom SO 
to 200 kg/ha. Broadleaved weeds were the most affbcted by die increase in seeding rate and 
sedges least (Moody 1977). 

A significant deoease in weed weight was observed as die seeding rate increased firmn SO to 200 
kg/ha. Bioadleaved weeds were die most affected by the increase in seeding rate and sedges the 
least affected (Moody 1977). 

In the iVluda area of Malaysia, a high seed rate (150 kg/ha) in wet-seeded rice minimises 
Echinochloa ctvs-galli (L.) P. Beauv. and Leptochloa chinensis (Roth) Nees infestation 
riguificandy c o mpared with lower seed rates (60-70 kg/ha). However, liie incidences of brown 
plant hopper Nilapan ata lugens Stal and hoppa bum increued sharply in rice fields widi hig^ 
seed rates (Ho et al. 1992). 
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For dry-seeded rice in non-weeded fields, increasing seeding rates or decreasing row spacing has 
little influence on weed suppression, probably because of the intense weed pressure (Moody 
1981). 

In the Philippines, when IR 36 was direct seeded in rows Spaced 25 cm at rates ranging from 80 
to 160 kg/h&t the method and rate of seeding had no effect on weed weight (IRRI 1980). 

Moody (1982) reported thai larmcrs in Sri Lanka used tall rice cultivars and high seeding rates 
(i^) to 700 or 800 kg/ha) to overcome the connqpetitive effects of weeds in dry-seeded rice. At a 
seeding rate of400kg/lia« weed mmibers decreased by 18%and2S% when diey were growing 
in assodation with a dwarf and tall cultivars respectively. The above results were otttatned by 

comparing with the cultivars dry-seeded at 50 kg.'ha. With the dwarf cultivar, increasing the 
seeding rate did not decrease weed weight at harvest; but with the tall cultivar, increasing the 
seeding rate from 50 to 400 kg/ha decreased weed weight by 59%. 

Fertilizer Application 

Weed growth is stimulated by phosphoms and nitrogen applications. Azmi c/ ill. (1992) 
reported that direct seeded rice produced significantly higher yields when nitrogen application 
was carried out after weed control. 

Smith ( 1960) obserx'ed that rice that was not fertilised but kept weed free, yielded as much as 
rice that was heavily infested with weeds and received more than 100 kg N/ha. 

In Bangladesh, addition of fertilizer (60 kg N, 40 kg P, 40 kg/'ha) to dry-seeded rice without 
weed control resulted in a non-significant yield increase, while weed control witftout fertilizer 
addition gave significant yield increase. A fuitiier significant increase was obtained from 
fertilizer plus weed control. 

Moody (1982) suggested that nitrogen application should be timed so as to prevent weed 
proliferation md yet obtain maxmium benefit from die fertilizer applied. In dry-seeded rice, 
weed growth could be reduced when nitrogen is applied after the first round of weeding is 
completed. 

WAT£R MANAGEMENT 

Gcx>d wi^ management is essential for effective weed control in dhect-seeded rice. Many 
weeds are unable to germniate under flooded conditions. The prevention of weed growth is 

accomplished by the interaction of various changes in the physical, chemical and biological 
properties of submerged soils. Smith and Fox (1973) indicated that factors which probably 
inhibit growth of some weeds in the flooded soils are reduced oxygen level, accumulation of 
carbon dioxide and toxic gaseous products of anaerobic decomposition, as well as the presence 
of reduced fbims of chemical radicals and gases such as methane, nitrogen oxides and sulphides. 
Moody (1983) reported that if fields can be kept flooded, weed populations can be reduced to 
a minimum level. Most weed populations decrease as the depth of the water increased. Alternate 
flooding and drying encourages weed growth. The longer flooding is delayed after weed 
onergence, the deeper the water is needed to achieve even partial weed control. 

In dry-seeded rice, the rice and weed seeds germinate and grow together, with water being 
supplied by frequent rains during early crop establishment. Bhan ( 19R1 ) stated that dry-seeded 
fields generally do not retain moisture at more than field capacity; this enviroiunent is ideal for 
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weed gerniinaiion. Highest weed populations at a soil moisture content of 9()"t. and lowest 
populations below 70% moisture content have been reported. Emergence and growth become 
increasingly poor with increased depth of submergence, when watcar de|>th reaches 10-15 cm, 
E. crus-gaili stops growing and most of the plants die. 

[n Malaysian experiments F.chinocMoa seeds germinated readily ( 89-95" o) in 0-1 cm of water, 
but germination declined to 68% at 2.0 cm water and 21% at 10 cm; poor germination (4%) was 
observed at 15 cm of water. However, pre-germinated Echinochloa seeds were more tolerant to 
submergence. Aquatic weeds often germinate readily undo* water. Newly shed seeds of Pistia 
StratkHes L. genninate under water after 20 days and float to the surface when the primary leaf 
emerges, Understanding of this behaviour can be utilised for weed control hy tloodin!' tlie fields. 
When the seedlings have floated, control measures can be applied cBua-ngam and Mercado 
1975). 

Moody and Mian (1979) noted that weeds in dry-seeded rice are controlled better if flooding 

occurs soon after stand establishment. It has been recommended that dry-seeded rice can be 
adopted only in fields that can be flooded within 30 days of planting. 

MANUAL AND MECHANICAL WEEDING 

Manual weeding in direct-seeded rice is difficult and ioopractical. This is because die weedos 
dama^ the rice as they move throu^ the fields. They also fail to remove some of the grasses 
as it is difficult to distinguish young grassy weeds from rice seedlings. Moody and 
Mukhopadhyay ( 1 982 \ showed that manual weeding in dry-seeded rice has many drawbacks: 

. it is slow and laborious; 

. complete removal of weeds is difficult; 

. weeds r^enerate from vegetative propagules left in the field 

. labour may not be available for timely weeding; 

. labour may be costly; 

. frequent hand weedings are required; 

. hand weeding is difficult in unihivorable weather, 

. crop injury may occur. 

Azmi et al. ( 1992) showed that in wet-secded rice, hand weeding could do more harm to the 
crop through physical damage at late crop stages. However, cutting of grassy weed panicles after 
anthesis could reduce the weed seed source in the subsequent seasons. This is a beneficial long 
term strategy to deplete weed seed banks in rice soils. 

Mechanical weeding is feasible only where rice is direct-seeded in rows. Moody ( 1 982) reported 
an exception in Bangladesh and West Bengal of India, where spike toothed harrows are passed 
through dte broadcast-seeded fields at 5 to IS days aftor emergence of the rioe seedlings. This 
kills some weeds, thins the rice seedlings and loosens die soil surface. Seedling mortaliQr is 
overcome by high seedmg rates. Moody (1990) mentioned that farmers w ho practise wet-seeded 
rice in Iloilo province Philippines use harrowing for the control of sedges 6.g. Fimbistj^is 
miliacea (L.) M. Vahl, and Cyperus dijjormis L. 

Manual and mechanical weeding in direct seeded rice should be used only in conjuctton with 
other cultural and chemical methods to minimise labour requiremmts where qiprqpriate. 
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CHEMICAL CONTROL 

Moody and Cordova (1985) indicateil that herhici<ic^ :ire t!ie nnly practical and logical 
alternative for weed control in wet-seeded i ice. Under dr>-secded conditions, liigher yields also 
result fix>in herbicides used to provide tinuly weed control. 

Optimum herbicide rates are dependent on cultural practices, soil type and environmental 
conditions. Factors which must be considered when dexelopiny a herbicide program for wet- 
seeded rice are the herbicide iiselt, weed tlora, application technique and time, crop tolerance 
and cost effectiveness (Moody 1992). Chemical control in dry-seeded rice has been inconsistent 
from site to site and from year to year at the same site. The inconsistency could be due to 
varying weed species, weesl populations, soil and climatic conditions. Therefore, flexibility in 
herbicide usauc to suit conditions is critical to the acceptance of herbicides for dry-seeded rice 
culture (Moody 1981). 

The incorporation of chemical methods in the stale-seed bed technique are more effective than 
cultural methods. After hind preparation, planting is delayed until the first flush of weeds which 
emerging after rain have been controlled by herbicides. Chemical methods are superior to 
mechanical ones because they do not bring more weed seeds to the soil surface where conditions 
are more favourable for germination. Excellent weed control with butachlor has been obtained 
and less time was lequired to hand weed stale-seeded plots. Hi^er yields in stale-seeded bed 
plots have been obtained when butachlor, pendimetfaalin« thiobencaib plus 2,4-D were used. 

When a herbicide is incorporated before planting, it is less subject to weather vicissitudes, 
therefore weed control is more consistent. However, pre-emergence herbicides are dependent 
upon moisture for activation, their plication to dry-seeded rice without follow-up rain can 
result in complete loss of effectiveness tivough deactivation and volatilization (Moody and 
Mukhopadhyay 1982). 

It is more ddTicult to lind suitable pre-emergence herbicides for weed control in wet-seeded rice 
than in transplanted rice. This is because rice and grass weeds are at the same stage of 
development in wet-seeded rice, therefore they may show the same degree of susceptibility to 
the aiq[>lied herbicide. 

i^rc-ciuci gcncc herbicides that control weeds in wet-seeded rice in the Philippines include 
butralin, piperophos dimethametym and butachlor and Ihiobencarb. The recommended time of 
application of most of these coinpounds is 6 days after seeding ( DAS). Propanil and propanil- 

fenoprop are post-emergence herbicides that have performed well across ;i '-.nge of water 
regiines. In Malaysia, Baki and Azmi ( 1992) reported thai prctilaclilor at 0 5 kg ai ha applied 
3-5 DAS, or mixture of molinate + 2,4-D IBE (2.5+0.03 kg ai, ha), molinate + bensulfuron 
(2.5+0.03 kg ai/ha); molinate + bensulfuron (2.5+0.03 kg ai/ha); thtobencaib + 2,4-D IBE 
(2,5+0.5 kg ai/ha); propanil + molinate (2.5+0.5 kg ai ha) and cinosulfiiron (0.04 kg ai/ha) 
applied at 8-10 DAS on moist or moderately inundated field conditions (5-10 cm depth), can 
control a broad spectrum of sedges, grasses and broadleaved weeds. 

Under dry-seeded conditions, pre-emergence herbicides are dependent on moisture for 
activation, fail to give adequate weed control due to delayed water supply. On the other hand, 
heavy downpours result in ponding of water and cause severe phytotoxity to dry-seeded rice. 
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Moody (19^) rqxxted diat in die nrilippuieS) single herbicide treatments are unsatisfactDry for 

diy-seeded rice weed control; herbicide combinations are generally superior. A combination of 
thiobencarb and propanil applied early post-emergence has given good weed control in Japan. 
Other herbicide combinations that have given promising results arc; propanil and MCPA applied 
sequentially post-emergence in Thailand and sequential applications of butachlor, terbutryne and 
piperophos - dimethametryne in Korea. 

In Malaysia, fenoxaprop-p-ethyl (48-60 gm ai/lia) applied at 35 DAS with spray M>lumes 
ranging from 240-300 L/ha. was found to be effective as a late post-emergence treatment tor the 
control of Echinoclilua ans-galli. Echinuchloa calona (L.) Link, Leptochloa chimnsis and 
bchaemim mgusum Salisb. in dry-seeded rice. Fenoxapi op p ethyl has the widest aj^licatioo 
window among the currently known heibiddes for grassy weed-o(Mitrol in rice. It is effective vp 
to tiie tillering stage of grassy weed growlh. It is equally effective in both dry and inundated 
conditions. Its efficacy is not affected by rainfall at 1-4 hours after applicatimi. 

INTEGRATED WEED MANAGEMENT 

Weed rice ecological idationships are never static. The continuous adaption of any particular 
rice production practice causes a shift in dominance and distribution of rice weeds. In Ae 

formulation of weed management programs, the type of rice culture, cultivars grown, tillage, 
crop establishment ircthods. planting density, fertilizer application and water management need 
to be systematically manipulated, so as to create situations favourable for crop growth, but 
nnfiivouiable for weed survival. Systonatic approaches should be adopted in the formolation of 
integrated management strat^es. 

In the Muda Irrigation Scheme of Malaysia, the widespread and expanding practice of the direct 
seeding technique since 1980 has resulted in dramatic changes in the weed spectrum. Grassy 
weeds which ar e suppressed in the transplanted fields, emerge as dominant weed species in the 
direct seeded fields. 

In the off season of 1987. when more than of the Vluda area was direct-seeded, 
EclntUK hloa spp. ant! I ivtochlaa chinensis infestation in eotnbination caused severe yield losses 
(30-100%) in 10,761 ha or 1 i.2';'o of the total rice fields (96,000 haj. Realising that no single 
weed ccmtrol method is best for use under all circumstances, the Moda Agricultural 
Development Authority (MADA) decided to adopt the integrated weed management (IWM) 
approach to mitigate the grassy weed problems in 1988. IWM in rice emphasizes the 
simultaneous conihiiintion of various methods, and takes into consideration the need to sustain 
land, water, crop and human resources. 

The cuirent approach adopted by MADA in die implementation of IWM m rice is as follows: 

* Monitoring weed-rice interaction in the agro-ecosystem. 

* Understanding the farmers' perception of weed problems and control. 

* Developing simplified technology ibr I\\ M. 

* Conducting multi-iriedia strategic extension campaign on IWM. 

The IWM technology fof wet- seeded i _ L-mphattcatly stresses the following practices: 

* Adopting diy rotovation in the early first season (February and March) to conserve the 
soil bearing capacity and soil moisture. 

* Carrying out raking or levelling upon arrival of water to ensure uniform seedling 
establishment 
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* Avoiding an excessively high seeding rate (more than 100 kg/lia) to minimise pest and 
disease infestations. 

* Using weed-free, clean seeds. 

* C(^nstructing field ditches to facilitate irrigation and Jr linaye. 

* Filling vacant spots in the fields as early as possible w ith healthy seedlings. 

* Applyuig pre-einergence herbicides on w et-sceded at the right time with proper spray 
volume luider suitable water conditions; avoiduii^ the use of the same herbicides every 
season. 

* Applying 40 kg N: 30 kg ?2O^:20 kg 1^0 at IS to 20 days af^er seeding (DAS), 

followed by 30 kg N at 45 to 55 DAS, and another 30 kg N at 75-80 DAS. 

* Fertilizer should be applied after weed control. 

* Avoiding insecticide application within the first 30 days after seeding for leaf-folder 
C(xitrol. 

* Canying out hand weeding regularly. 

* Adhering closely to the im'gation schedule. 

* Visiting rice fields regularly for crop inspection. 

FUTURE NEEDS IN RESEARCH AND TECHNOLOGY DEVELOPMENT 
Biologica] Charaderistlcs of Weeds 

A deeper understanding of the biological characteristics of weed species is important to establish 
a reasonable weed control technt^logy. l"nderstanding the phenomenon of allelopathy is 
important and can lead to deeper insights into crop interference mechanisms due to weeds. It 
offers the possibility of beneficial use of special substances contained in plants for future 
biotedmological development 

Yield Loss Assessment 

Forecasting yield loss due to weed competition includes determining the cost and profitability 
of weed control and the extent to which weed control is necessary. As yield loss by weed 
competition involves many factors such as varieties, spacing, crop vigour, population density, 
timing of crop emergence, soil fntitity, climate and duration of competiticm, a quantitative 
^ipcoach to research on yield l068 caused by weed competition can be helpful to integrate weed 
control practices (Chisaka 1977). Development of better simulation models will definitely lead 
to deeper insights on rice-weed competition to minimize crop losses. 

Biological Weed Control 

Biological weed control is now technically feasible. Howev er, only a few have been developed 
to the level of field use. e.g. CoHcfofichum ^loeosporioidt's f. sp. aeschynomcne for control of 
Ast'chvnoment' virv^inica (L.) B.S.i'. in rice; tadpole shrimp ( Tiiopus lonsjiicandatus) for the 
connol of weeds in transplanted rice in Japan; weevil Cyrioba^uiis salviniae Calder & Sands for 
control of SaMala molesta D.S. Mitdidl in Australia, Papua New Gumea, and India and weed 
suppression in tranq>lanted rice witii Azolla pinnata R. Br. (Janiya and Moody 1981). 
Development of this technique requires a multi-disciplinary approach to provide essential 
technical guidelines for research and technology development. 

Fonnm* Percqitioii 

The best weed control is achieved tiirough the integration of several weed control methods 

applied simultaneously (Moody and De Datta 1982). However, adopting integrated weed 
management (IWM i is dependent on fanners' understanding of weeds, familiarity with the 
technique, experiences and resources. 1 herefore, farmers' knowledge, attitude and practices in 
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makmg management decisions must be investigated fiurdier. 

Herbicide Development 

Future research should be focused on various herbicide combinations to achieve optirnutTi weed 
control with least phytotoxicity to rice. Suitable herbicide combinations with wider application 
windows* under various moisture r^mes and soil conditions, will be more flexible in 
application timing. These will help in controlling a wider weed apectram. Use of various 
adjuvants to enhance herbicide efficacy at low costs is another important dspcct that requires 
further research attention. 

As labour costs are escalating in many rice producing countries, shifting from more labour- 
intensive to less labour-intmsive weed control techniques is becoming popular. Herbidde 

application methods with shaker bottles, control droplet application, or direct application of 
undiluted herbicides tn rice fields (^ffer Inhour saving advantages. Hence, studies on safeners to 
minimize phytoioxicity is another important aspect for weed scientists. The impact of herbicides 
on rice soils, as well as other flora and fauna, sliould also be further investigated. Research on 
the dissipation and degradation of heibiddes in relation to temperature, photowIeconipDsition, 
and microbal degradation are essential (Chen 1981). Regional and international collaborative 
research programs on herbicide problems should be strmgthened. 

Last but not least, the creation ot awareness among fanners on proper herbicide mangement will 
surdy reduce die adverse impact of herbiddes on die rice agro-ecosystem. 
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CHAPTERS 

WEED MANAGEMENT IN DEEPWATER RICE 



WEED MANAGEMENT IN DEEPWATER RICE 



Prasan Vongsaroj 

DiTRODUCTION 

Weeds are a major problem limiting the growth and yield of deepwater rice. The land is 

generally dry at seeding, becomes nmist with rain and is finally flooded. The various land 
conditions from upland to lowland and to Hooded are suited to all types of weeds, including 
upland, lowland and aquatic weed tyj^es, Infestation ]cvc\$ tend to be higher than for other types 
of rice cultivation. One single method of weed coniiul ii> not enough hence the integration of 
weed control methods and weed management is needed. Smith and Reynolds (1 966) defined 
weed management as a system that uses all suitable methods in a compatible manner to reduce 
weed populations and maintain them at a level below that causing economic injury Plucknett 
etal. (1077) explained that weed management is a part of total vegetation management: namely 
the use of various combinations of cultural, manual, mechanical, chemical, biological and 
ecological methods in an attempt to create an environmoit that is d^menUd to weeds and 
&vourable to crops. Weed management must conform to die needs of fanners; which means 
being simple (easy to use), effective (reduces weeds and increases crop yield), efficient (involves 
minimum effort and time), robust (produces consistent results over time), flexible (adaptable to 
the entire farm) and motivating (feels good to use it; without risk) (Kon 1993). Prior to 
achievement of weed management, knowledge of the weeds in deepwater rice and methods of 
control are needed as basic infonnation, as well as understanding of thdr ecosyston. 

DEEPWATER RICE 

Deepwater is mostly direct seeded under dry conditions for 1-3 nionihs u hen ii rams the land 
becomes moist and tloods with maximum depths from 50 cm to 400 cm. In some areas, the dry 
period is dioct because of die early start of rainy season. Yields m Thailand aven^ around 2.0 
t/ha. The luxuriant growth of foliage is panl> nourished by silt and nutrients in flood water. 
Farmers seldom apply fertiliser (Catling 1992). Farmers generally broadcast dry seeds, but 
transplanting with tall seedlings is done. Deepwater rice is grown in many countries namely 
India, Bangladesh, Thailand, Vietnam, Myanmar, Mali, C ambodia, Sri Lanka, Niger, Nigeria, 
Senegal, Gambia, Sierra Le«ie, Guinea and Mauritania ( Vergara 1985; Catling 1 992). 

WTEDS 

Weeds in deepwater rice are classified as either erass (G ). hroadleaf ( B). sedge (S). fern ( Fl. and 
algae (A) (Table 1). They can be grouped by their habitat before and after flooding (DeDatta 
1981). Ai^er rice seeds are sown under dry conditions, grasses such as Oryza rnjiopgon Griff., 
Echinochloa colona (L.) Link, Ischa&mm ntgostm Salisb., Cynodon dadylon (L.) Pers., 
Urochloa reptans (L.) Stapf are the most abundant. Sedges found in the period included 
Cypems mtundns I.., FJeochuris dull is (Burm. f. ) Hcnschel and f 'iiiihrisn'/is miliacea (L.) M. 
Vahl. C'oniinnn broadleaved weeds are Pcmapcffs melochin, Afshynomene indica L., Cyanotis 
axillaris (Blumc) Sweet, Seshania seshan L. Men. and Ipomuea aquutica Forsskal. When the 
land becomes wet, weeds 8|ich as Marsilea crenata C. Presl Oiara zeylanica WUld., Nymphaea 
nouchalii Burmanf appear (Table 1). The weeds either complete their growih cycle before 
flooded conditions, such as Ecliinocliloa colnna. Cynodon ductvinn or are killed by rising water 
(Catling t'/ 1//. !'^><S'7). Tall era.ss like ^t/i/'/JOt /;/"(/ vff/,{,'/i/;(f/ 1 Reiz. ) P. Beauv., Lccrsia hexandra 
Sw., Jschaenium nigosum, Ischaemum barbaium [<ctz., Otyza ivjipoj^un and Cyanotic axillaris 
el(»igate their stems to survive as emergent plants. Broadleaved Weeds like M^odUa 
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Table 1. Weeds in deepwater rice (Adapted from Varshney and Singli 1976; 
Nantasomsaran et al. 1988b; Saw Ler Wah 1994; and others) 



Weed species 


Type Of 


Country 


Tniie of 


tcninnchUm colona ( L.) Link 


G 


Ba,Tn 


or 


Echinochioa cnis-galli ( L.) P.Beauv. 


VJ 




OB 

at 


Echinochloa stagnina (Retz.) P.Beauv. 


G 


In 


At 


Ec/tmocnloa ptcta (ivoeii.}Miciiaei 


-U 


•n. 
in 


At 


hcninoauoa lelievrei (C nevel.)0eiiiun 


G 


Mai 


Dr,Ar 


Ischaemum ni^fi<iim Salish. 


G 


Ba,ln 


DC A r" 

Br,Ar 


Ischaenium hat hutuni Retz. 


u 


TV. 

1 n 


DC AC 

or.Ar 


Oryza rufipogon Griff. 


G 


Th 


t^ A F* 

BF.AF 


c/r^za barthil A. cnev. 


O 


Mai 


DC AC 


Qr3^ glabenima Steud 


G 


Mai 


BF,AF 


Oryza longistaminata Chev. et Roehr. 


G 


Mai 


Ot? A C 

Br,Ar 


Ory'za stapffi Roshev. 


G 


Mai 


DC AC 

Dr,Ar 


O/yza ^a//va \ar. fatiia Prain 


G 


Ba 


BF.AF 


Setaria geniculata (Lam.) P.Beauv. 


G 


Th 


BF,AF 


Paspalum cambogiense Baltuisa 


G 


Th 


Br,AF 


Leersia hexanara Sw. 


G 


Th 


BF,AF 


Hymenachne pseudointerntpta Muell 


u 


tin ru 

Ba, 1 n 


Br .Ar 


Leptochloa chinensis {L.) Nees 


ft 

G 


1 n 


Br,Ar 


Panicum repens L. 


G 


Th 


BF 


Hygmryza anstata (Retz.) Nees ex Wright 


G 


Ba 


BF,AF 


& Am. 








Vossui nispidcifii (Roxb ) Lmu 


G 


Ba 


BF,AF 


Eleiisiiw imiu u (L.j Gaertn. 


o 


Ba 


BF 


Brachiariu sp. 


G 


^ X 1 

Mai 


BF 


Paq>ahim scrobiculatum L. 


0 


Mai 


BF,AF 


SOcciolepis cymhiantlra Stapf. 


G 


Mai 


BF 


Chamaeraphis gracilis Hack 


G 


oa 


hir 


Aescnynomene sensitiva Sw, 


B 




Br,Ar 


Aescnynomene indica L. 


B 




"DC A rr 

Br,Ar 


n a. * a. \ "a ^ 

SesbtmUi sesban (L.) Merr. 


B 


Mai 


BF,AF 


Achyranmes aspera L. 


B 


Mai 


BF 


A It em ant h era sessilis (L.) R.Br. ex Roent. 


B 


Mai 


BFjAF 


& Schult. 








Melochia corchorijolia L. 


B 


Mal.Th 


BF 


Corchorus fascicularis Lam. 


B 


Mai 


BF 


Ipomoea aqmtica Foissk. 


B 


Ba,Mal,Th 


BF^ 


Ipomoea gracilis R.Br. 


B 


Th 


BF 


Neptiinia oleracea Lour. 


B 


Ma! 


AF 


Nymphaea lotus L. 


B 


Mai 


AF 


Nyn^haea noudiali Buiin.f. 


B 


Th 


AF 


Nymphoides i/uHca (L.) O.K. 


B 


Mal,Th 


AF 


Caperonia sp. 


B 


Mai 


AF 


Utricularia stellaris LS. 


B 


Mai 


AF 
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Table 1. Cont. 



Weed species 


Type of 


Country 


Time of 




weeds 






Utricularia aurea Lour. 


B 


Th 


AF 


Borreria fllifolia (S & Th.) K. Schum 


B 


Mai 


BF 


Polygonum mildbredii 


B 


Mai 


AF 


Eichluirnia cnissipL's ( Man.) Solms 


B 


l.Ba 


AF 


Nympiiaea stellata Willd. 


B 


1 


AF 


Nehimbo nucifera Gaertn. 


B 


I.Th 


AF 


HydrUla verticUlata (L.f.) Royle 


B 


I 


AF 


Limnophila het&vphyllaBenfti. 


B 


Th 


AF 


Typha sp. 


B 


I,Th 


AF 


Lemna sp. 


B 


I.Th 


AF 


Vallisneria sp. 


B 


I 


AF 


Maricphylhm sp. 


B 


Th 


AF 


Potamogeton sp. 


B 


I 


AF 


Pislia stratiotes L. 


B 


l,Th,Ba,My 


AF 


Helidtnipium hracleufum R.Br. 


B 


Th 


BF 


Sesbaniu acuiaita Poir. 


B 


Ba 


BF,AF 


Sesbania pahtdosa Jaoq. 


B 


Ba 


BF,AF 


Monochoria vaginalis (Burm.f.) Pteri 


B 


Ba,Th 


AF 


Ottelia alismoides (L.) Vahl 


B 


Th 


AF 


Najas graminea Del. 


B 


Th 


AF 


Ceratophyllum demersum L. 


B 


Th 


AF 


Alisma pUmtago-aqtuitica L. 




My 


AF 


Altemantheni pkilmceroides (Mdst.) Oriseb. 


B 


My,Th 


AF 


Cyanotis axillaris (L.) D.D011 


B 


My.Th 


BF,AF 


Pi'ntiij)i'te\ Phoenicia L. 


B 


My,Th 


BF.AF 


CyptTus rotiindus L. 


S 


I,Ba,Th 


BF 


Cypents iria L. 


S 


l,Ba,rh 


BF 


Q97«n» diffimnis L. 


S 


I,Ba*Th 


BF^ 


Eleocharis dulcis (Biirm.f.) Trin. ex 


S 


I.Ba,Th 


BF,AF 


Henschcl 








Pleoi littris pluniu^^inea ( Retz._)Roem. 


S 


Mai 


BF,AF 


Scirpus praelongutus Poir 


S 


Mai 


BF.AF 


J^mifsp. 


S 


Mai 


AF 


Fimbristylis littoruHs Gaud 


S 


Th 


BF 


Fimhristylis sracilenta Hanoe 


S 


Th 


BF 


Cypenis pulcheirimus Willd. ex Kunth 


S 


Th 


BF 


Salvinit} sp 


F 


I.Th 


AF 



I=Tndia, Ba=Ban<j!adcsh. Mal=Malaysia, Th= 1 hailand. Mv'^Myanmar, G=Grass, B-Broadleaf, 
S=Sedges, F=Fem, A=Algae, BF=Before flooding and AF=After flooding. 

cordKu-ififlia L., Pmtcpetes j^toenkea L., Sesbania sesban, Monochoria vaginaOs (Bunnan f.) 
Kunth and Scirpus g^sus L.f are adapted to rising water while Ipomoea aquatica a root 
creeping vine, sends out nmners along the water surface and either produces seeds or under 
fovourable conditions is perennial. Flooded fields are colonised by a complex of free floating 
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plants, emcrgents and submerged aquatic plants. Smne weeds that are adapteti to pH 4 and 
below include 5(7/7;i;.v g/vAv.vj/.v, Eleochayis duh is, Phragmites ktirka ( Retz.) I rin. ex Steud. and 
Cypents iria L. (Grabial et al. 1986). Wild rice is the most difficult weed in deepwater rice 
causing a big yield losses. Ischaemum nt^usum caused yield reductions to 92% when the 
population was 2 plants/in' and 37% with 64 plants/m^ (Supatanakul et aL 1995). In Thailand, 
for 7 pfovmoes where deepwata rice is grown, it was found dial 282 of 307 fanners had weed 
problems (Niyomvit 1984). 

METHODS OF WEED CONTROL 
Prevention 

Weed damage can be reduced by using purified seeds - free from weed seeds, especially Onia 
nifipognn. Wild rice normally has a similar size and shape seed to cultivated rice but sheds seed. 
To use new seed fVom a place where there is no wild rice should help minimise wild rice 
problems ( Vungsaroj 1976). A high percciiiagc gennniation as well as a high seedling vigour 
is of advantage for competition widi weeds. Anodier method of prevention is to have a longer 
period of fallow after harvesting rice (Vongsaroj 1976). 

Cultural .Methods 

Land preparation. Land preparation is the tlrst step in growing rice. In the past, ploughing 
was practised by animal drawn ploughs and was done while die soil was wet, after die majority 
of weeds had germinated. Weed seedlings were killed by turning over into the soil. Now 
tractors are available, and ploughing can be done under dry conditions. Weed seeds on the soil 

surface are buried into the soil, while the previous season's seeds are brought the up to surface 
for gennination and cause severe infestation (Vongsaroj 1976). Increasing the number of 
ploughings can minimise weed problems, by ploughing at 2 weeks after heavy rain, letting new 
weed seedlmgs emerge dien hain>wing wfan new weed seedlings come up, broadcast ri^ 
andhairowing (Vongsaroj 1976). It was found in Myanmar (Table 2) that two ploughings and 
one ploughing plus harrowing as well as straw burning minimised wild rice populations (Saw 
Ler Wah 1993). Puckiidge efal. (1988) found that delayed tillage in 1986 reduced the number 
of wild rice plants by 50 % but the number remaining still averaged more than 100, nr . I he 
yield of rice for die diird sowing was 7 times that of check. Puckridge et a/. (1988) also found 
that sowing rice seeds on puddled soil ga\e the lowest rice yields of 1.4-16 t/ha. 
Yingviwatanapong ( 1986) found that one plough with 3 discs at !>.0-12.5 cm depth reduced the 
Eleocharis dulcis by 49'M. In the case of a hea\'v infcsiafion of a specific weed where other 
methods are not elTective, bunung straw after harvest was proved to reduce wild rice populations 
(Vongsaroj 1976). 

Mefhoc! of planting. Deen\\ ater rice is generally grown by direct seeding. The weeds and crop 
germinate at the same time and infestation of weeds is very severe !n some areas where the rain 
Starts very early, the dry period is too short for broadcast sowmg of rice. When farmers 
broadcast pre-germinated rice seeds, fewer grass weeds can germinate, broadleaf weeds and 
sedges need some time for germination, so weeds tend to be too small to compete with rice. In 
Myanmar, transplanting of tall seedlings is popular to overcome wild rice problems (Vongsaroj 
1992). 

Rice cnltivar. There are many rice cultivars in deepwater rice, eadi variety has a difTeroit 
ability to compete widi weeds. India is going to release a new deepwater rice variety which has 
branching stems and a large leaf canopy to compete mdi weeds (Thaikur, personal 
communication 1993). 
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Tabic 2. Various methods of wild rice control in deepwater rice at Wakema, Myanniar 
(SawLer Wah, 1993). 



Tk^tments 


Dry wt. of wild rice 


Yield of rice (t/^) 


Two ploughings + harrowing 


Oa 


2.37a 


One ploughing + harrowing 


Oa 


2.11a 


Straw burning 


Oa 


2.24a 


Paraquat 


Oa 


L68a 


Glyphosate 


Oa 


2.43a 


NA + oxadiazon 


3.63a 


2.09a 


Untreated check 


51.0b 


1.35a 


Hand weedinc 


Oa 


22.3a 



Value followed by the nme letters are not significantly different at 5 % level by Duncans 
Multiple Range Test. 

Rice plant density. Weeds affect rice growth mostly at the seedling stage when stand density 
of rice is established. A good stand can minimise weed problems, i-anners generally use a very 
high seed rate at 156 kg/lia in Thailand, Sowing of rice seed at increasing rates 62, 156 and 281 
kg/ha, reduced dry weight of weeds, namely Eleocharb fbtlcis^ Aeschynomene a^era L., 
Ipomoea aquatica, Pentapetes phoeniceat Meh^tia corchorifoUa and Cyanotis axillaris 
(Supatanakiil a al. H^S'^) and Ischaemum ni;^nsiim. The same trend was found by 
YingviwatanapoiVi: :1 'SO) with FJeocfuifis. the hieher seed rate of rice, the smaller the 
population oi Eleochans was obtained. High seed rate nuninuscs weed population but yield will 
decline^ if the seed rate is too high. Supatanakiil etal. (198S) found that even diough dry weight 
of weeds declined, &e yield of rice was lower when the seed rates were over 2 1 8 kg^ (Table 
3), 



Table 3. Effect of seed rate on weed and rice yield at Frachin Buri, Thailand (Supatanakul 
and Khomvflal, 1985) 



Seed rate 

llv-/ha) 


Dr>' weiyht of weeds 


Yield of rice 


62.5 


27.01 


731.25 


93.25 


1 '^o 


1212.5 


125.0 


21.51 


1205.63 


156.25 


16.15 


1228.13 


187.5 


16.87 


1108.75 


218.25 


12.72 


1405.0 


250.0 


13.11 


1259.30 


J281.25 


7.53 


1223.13 



* Weeds are: Ischaemum nigosum Salisb., Eleodunis dukis (Bumi.f.) Henschel, Aeschynomme 
a^pera L., Ipomoea aquatica Forssk., Penttq>etes Phoenicia L., MeiocMa corchorifoiia L. and 
Cyanotis axillaris Roan & Schult. 



117 



Time of planting. Delayed seeding after a heavy rain and a dry period will reduce the weed 
problem. Delaying seeding of rice from May to June, reduced wild rice population ( Puckridge 
et al. 1988). V'ongsaroj et al. { 1 973) studied germination of weed seeds namely Aeschynomene 
aspera, Meluchia curchurijolia. Eclipta prustracta (L.)L., Jiissiam linijolia Vahl, Feniapeics 
phoenicea. Sesbarda /auein&a Miq., Bchinochloa cohna and Leptodiha cMnensis (RoAk) Neet 
under room temperature and found diat most of the weeds germinated eariy in die wet season. 

Cropping system. Monoculture of rice leads to an increase in weed populations especially well 
adapted to rice growing conditions. In deepwater rice in Thailand, a field crop can be grown 
before at die same time widi rice. Same fiumers grow sweet potato, sweet com, mungbean, 
sesame, sorghum and soybean before rice. In experiments by Vongsaroj et al. (1993) sesame 
and mungbean were grown in rows at die same time as rice and 20 days prior to rice seeding, 
rhe herbicides o.xadiazon and fenoxaprop-p-ethyl were used and it was found that oxadiazon 
could be uiicd safely to all plants. It was found that Ipomoeu aquatka had lower density and dry 
weight in a treatment in which rice was grown 20 days af^er sesame and mungbean (Table 4). 
Growing rice widi sesame, minif^iean had less dry wei^t of QwmoKr axillaris sndlpomoea 
aguahca than growing only sesame and unmg^iean (Table 4). 

Table 4. Number of weeds at 45 days after seeding of field crops (Vongsarojer oL 1991). 



Trcatneaf Number of weed^/0.5ni' Dry wci|iitofweed^/O.Sai' 





1 


2 


3 


4 


5 


1 


2 


3 


4 


5 


S+M 


4Ja 


7.8 


IJa 


16.5 


2.0a 


3.7 a 


7.1a 


03 a 


18.8 


2.0 b 






ab 




a 










a 




S+M+R(ODASF) 


S.Oa 


20.3 


IJab 


lOJ 


1.8 a 


3.5 a 


4.1 


03 a 


93 


4.9 a 






a 




ab 






abc 




be 




S-lMhR(20DASF) 


3.8 a 


73 b 


iJa 


10.0 


1.8 a 


33 a 


2.6 


03 a 


153 


Ub 










abc 






be 




ab 




S+M+oxa. 


Ob 


6.8 


0.3 a 


6.3 


Oc 


1.6 a 


23 c 


0.1 a 


3.1 


Ob 






ab 




bed 










cd 




S+M+R(ODASF) 


Ob 


33 b 


0.8 a 


5.0 


Oc 


2.8 a 


13 e 


03 a 


Ud 


Ob 


+oxa. 








bed 














S4M-I-R 


Ob 


4.Sb 


0.8 a 


3.8 


OJ 


0.4 b 


1.6 c 


0.1a 


2.7 


0.7 b 


(20 D.ASF>+oxa. 








bed 


be 








cd 




S+M+fenoxaprop. 


0.5 b 


14.0 


1.3 a 


10.8 


0.5 


0.9 b 


3.8 


0.9 a 


14.1 


0.2 b 






ab 




ab 


be 




abc 




ab 




S+M+R (0 DASF)f 


1.0b 


21.0 


1.3 a 


7.3 


1.3 


0.7 b 


6.4 


0.5 a 


5.9 


Mb 


feooxaprop. 




a 




bed 


ab 




ab 




cd 




S-i-M+R(20DASF) 


Ob 


17.5 


1.0 a 


5.0 


1.8 a 


0.8 b 


3.6 


03 a 


7.0 


13b 


+ (iBnoxi|iiO|>. 




ab 




bed 






abc 




cd 




S+M+HW 


1.25 


5.2 


1.0 a 


2.8 d 


0.5 


0.7 b 


1.0 c 


0.4 a 


1.9 d 


03 b 




b 


ab 






be 












S+M+R (ODASF) 


1.S6 


3.Sa 


2.0 a 


3.0 d 


0.S 


0.6 b 


0.8 c 


0.8 a 


2.5 


0.7 b 


+HW 


b 








be 








cd 




S+M+R (20 DASF) 


1.50 


5.0 


2.3 a 


3.3 


0.5 


0.6 b 


1.3 c 


0.4 a 


2.3 


0.7 b 




h 


_a!2 




_£d 


J)&— 








-fid— 





* S^sesame. M^mungbean. R ncc. and DASF'days after sesame and mungbean sowing. 

" I . Leptochlua dunensis (L.) Nees 

2. Cyanotis axillaris (L.) D. Don 

3. Euphorbia hirta L. 

4. Ipomoea aqmlica Forssk. 

5. fyomoea graelOs R.Br. 
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As the yield ot deepwater rice is quite low, few farmers in Thailand hand weed. Catling (1992) 
and Niyomwit (1984) found that fsumers in Thailand controlled weeds by the methods of 
diemical, hand weeding and both at 74%, 3% and 5% respectively. For hand weeding, the thne 
of weedii^ is important. It should coincide with the critical period of weed competitioil. 
Nantasomsaran et al. (1988a) studied competition of Echinochloa colona with deepwater rice 
and found that the critical period ol this weed was 4 weeks after emergence of rice. In 
Myanraar, farmers cut both rice and weeds in the area where wild rice is a big problem, because 
cultivated rice can elongate stems more rapidly than wild rice (Saw Ler Wah, personal 
communication, 1992). In Thailand, Kupkanchanakul & al. (1992) found that rice can be cut 
for herbage, and this could reduce weed populations as well 

Biological Control 

Li deepwater rice, Pistia stnOiotes L. is one common weed whidi can be controlled by an insect, 
namely Epq>sammia pecHnicomiSt introduced from U.S.A. in 1976 (Napompe^ 1992). 

Chemical Control 

Herbicides in deepwater rice can be applied as pre- and post-emergence. The pre-emergence 
herbicides like oxadiazon, butachlor-ioxynil-2,4-D, butachlor, bitenox, thiobencarb and 
oxyflttorfen sprayed after seeding give good weed control especially on EckinocMoa cohna 
(Table 5). Molinate-propanil, thiobencarb-propanil, ioxynil-2,4-D-propanil, bifenox-propanil, 
propanil-2,4-D. ioxynil + 2,4-D, propanil, bromoxynil-MCP.A and butachlor-propanil gave good 
weed control applied post-emergence (Table 6). 2.4-D is the most popular herbicide in I hailand 
and can control broadleaf weeds and sedges effectively (Vongsaroj and Chinawong 1982). An 
antidote, NA ( 1 ,8-n^)thalic anhydride), is used to increase selectivity between wild rice and rice 
when hig^ rate of habicides is applied (Parker and Dean 1976). Supatanakul and Vongsaroj 
(1976) found that amiben and alachlor were safe to rice when mixed rice seeds were treated with 
NA at 0.01% by weight and the wild rice population was reduced Butachlor and molinate, 
recommended rice herbicides, minimised wild rice populations and did not harm rice when 
sprayed with antidote even at high rates of application. 

Tables. Effect of pre-emergence herbicides on densit}' o{ Echinochloa colona tinii yield 
of DWR in a farmer's field. Phu Kbao Toog, Ayutthaya Province, Thailand, 1983 WS. 
(Vongsaroj £l at 1988). 



Treatment* 


Application rate 


E, colona plants" 


Yield 




(kg ai/ha) 


(no./m*) 


(t/ha) 


Oxadiazon 


1.0 


48 a 


2.0 


Butachlor + Ioxynil - 


0.75 + 0.07 - 0.43 


60 a 


1.7 


2,4-D 








Butachlor + 2,4-D 


0.75 + 0.5 


62 a 


1.7 


Butachlor 


2.0 


68 ab 


1.8 


Bifenox 


2.0 


74abc 


2.0 


Thiobencarb 


3.0 


91 be 


2.4 


Oxyfluorfen 


0.5 


100 c 


1.8 


_L3htreated check 




169 d 


1.9 



\+j=tank mix. ""Counts at 70 d after application of herbicide. 
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Table 6. Effect of post-emeryence herbicides on density of Echinochloa colona and yield 
of DWR in a fanner's fleld. Phu Khao Tong, Ayutthaya, Thailand, 1983 WS. (Vongsaroj 
etoL 1988). 



Treatment* 


Applicatfon 


Weed 


EL colona' 


YieM 




rate 


control" 




(t/ha) 




(kg ai/ha) 










10+10 


■J 


47 a 


1 n 


I nK)ncncdrn-pri.)p Jill! 


1 4- 1 7 


■J 




1 1 
1.1 




1.0 


A 


S'^ ah 




Bifenox + propanil 


1.5 + L5 


6 


53 ab 


1.1 


Oxadiazon propanil 


0.8 + 1.5 


6 


54a1>c 


1.1 


Propanil-2,4-D 


1.67-0.33 


7 


67 abc 


1.3 


Ioxynil-2,4-D 


0.14-0.86 


1 


67 abc 


1.4 


Propanil 


2.0 


2 


77 be 


1.0 


BnHUoxynil + MCPA 


1.0+ to 


3 


85 c 


1.1 


Butachlor + propanil 


0.8+1.5 


4 


88 c 


1.3 


2.4-D 


0.75 


0 


206 d 


1,3 


Untreated check 




0 


191 d 





" (-)=proprietary mixture, i^+j^tank mix, 

Visual rating, 23 d after herbicide application, on a scale of 0-10: 0=no control, 10=complele 
control. 

" Counts at 62 d after a^lication. Mean of 4 replications. 



CONCLUSION 

The weeds in de^water rice are dynamic, changing with land ccmditions which are entirely 
dependent on rainfall. If there is enough dry period after heavy rain, die degree of successftd 

weed control fi*om one or more ploughings or harrowings is very high. Weed-free rice seed is 
effective for the reduction of wild rice infestation especially with antidote. Cropping systems 
in deepwater rice will take some time to be proven as a effective weed control methods but they 
result in soil improvement and income fi'om other legume crops maximising the u&c of farm 
labour. As rice yields are low, weed control needs to be inexpensive. Manual weeding now is 
becoming more difficult because it is expensive and there is a shorta-c of labour. Chemical 
weed control is effective but costly. Not all farmers can afford this method. Biological contr ol 
is a new approach for weed cc^ntrol, but only one weed, Pistia stratiotes, can be controlled hence 
further research is urgently needed. 

Weed management in deepwater rice need not coniprise all methods of weed control. The most 
practical and suitable methods for individual farmers are required to minimise weed problons. 
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CHAPTER 9 



PRESENT STATUS AND PROBLEMS OF WEED MANAGEMENT 

IN RICE IN SOUTH ASIA 



PRESENT STATUS AND PROBLEMS OF \V FED MANAGEMENT 

JUS RICE IN SOUTH ASIA 

R. EL Malik and B. T. S. Moorthy 

INTRODUCTION 

People !i\ iiig in the Asian continent account for 53 % of world's 6.5 billion population. Around 
the time w hen Asia was being sadly written off, the process of green revolution was quietly 
beginning. With ftster economic growtfi» East Asia has become largely a middle class continent 
but South Asia's population is so huge, that it will continue to p«it increasing pressure on the 
already strained food producing resources. Rice is the major food crop grown in South Asia 
comprising countries India, Bangladesh, Pakistan. Nepal and Sri Lanka. The crop is grown 
under different ecological and hydrological situations and subjected to severe abiotic and biotic 
stresses and hence yields are low. So far, increased rice production per unit area but not 
increased rice area has kept up with demand. The yield increase is mainly due to hig^ yielding 
varieties, fertiliser, cultural techniques and irrigation practices. Intensification has brought 
weeds to the forefront. With the advent of new technologies and diversities in rice cultures, 
improved weed control methods have been introduced and traditional methods have been 
improved upon, but none have been abandoned, altogether. In South Asia, farmers choose the 
combination of weed control inputs that provide die desired degree of weed control at lowest 
cost. The relative cost of a particular input combination calls for an integrated approach to 
minimise weed control costs in different rice cultures. 

LAND USE PATTERN 

Land utilisation for rice culture is different in various South Asian countries. Irrigated rice 

culture as a percentage of total rice area is 100, 77, 44, 23 and 16 in Pakistan, Sri Lanka, India, 
Nepal and Bangladesh, respectively. Average yields of these countries vary from 2.44 I 'ha to 
2.99 t/ha compared with 3.63 t/ha in the wimle of Asia. Kice culture in these countries is 
characterised by different ecosystems - rain-tcd, upland and lowland ol diliereni submergence 
levels and irrigated land (Table 1). 

Table 1. Rice area (\1000 ha), average yield (t/ha) and distribution of rice crop area 
(%) by production environment in South Asia. 



Country Area Yield Rice crop area by production environment 

Irrigated Raia-fed Upland Dccpwater 



India 


41800 


2.62 


44 


35 


15 


6 


Bangladesh 


10600 


2.77 


19 


49 


8 


24 


Nepal 


1433 


2.44 


23 


66 


3 


8 


Pakistan 


2127 


2.47 


100 






m 


Sri Lanka 


735 


2.99 


77 


15 


1 


7 



Source: World Rice Statistics, J 990, OUU, 1991. 
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Irrigated transplanted rice is more common in north-west India, south India and Pakistan, while 
irrigated direct sown or broadcast rice culture is more common in Sri Lanka. 

Rain-fad lowland rice is oomnion in diy and intermediate zones of Sri Lanka, Bangladesh, parts 
ofbidia and Nepal. The (me lidd system in ii^ch rice is grown more than once in a year in (he 

same field is quite common in many parts of South Asia. The two field system in which wheat 
is continuously rotated with rice is prevalent in North-West India and Pakistan. Details of 
different rice cultures based on planting time arc given in Table 2. 



Table 2. Different types office cultures based on planting; time in South Asia. 



Coontry 




Plantfng ttane 






March onwards 


May onwards 


October to 

F'^brii;irv 


Bangladesh 


Upland direct 
seeded, broadcast 

transplanted rice 


TFanq[>lanted 




India 








North-wfist IndiA 




Transnlanted and 

direct sown 




aoutn India 


Litrcct seeaea ana 
transplanted 


uirect secLiea ana 
transplanted 


uirect scLucdana 
transplanted 


Centra] India 




Tran^lanted, direct 

seeded and 
broadcast 




North-cast India 


Direct seeded and 
broadcast deep 
water rice 


Transplanted and 
direct seeded 


Direct seeded 
irrigated 


Pakistan 




Transplanted 




Nepal 


Transplanted 
ifrigaled 


Direct seeded 
irrigated and rainfed 




Sri Lanka 


Direct seeded and 
transplanted 


Transplanted 


Direct seeded and 
transplanted 



These diverse topogr^hicai and hydrological situations influence the microclimate of die crops 
and alter both intensity and diversity of weeds. The cultural systems in different crop sequences 
traditionally followed in these countries including direct seeding and transplanting in different 
land types influence the competitive behaviour of weeds and the rice crops. In Bangladesh, a 
shsxt diy seeded rice is grown before die monsoon because normal tranq>lantittg is not possible 
widiout irrigation water (Ahmed a 1993). In Punjab of India, 40 plus nrigations are given 
to rice grown on loam and loamy sand soils to maintain continuous submergence. 
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Rice is usually not sub^tiuitcd hy other crops in the monsoon season, except for sugarcane in 
Western Uttar Pradesh, India. Suyarcane is an important crop in the rice-wheat rotation in parts 
of UP, India. It usually consists of 1 or 2 ratoons of sugarcane before returning to rice-wheat 
(Hobbs & al, 1991). The choice of tfie crop following sugarcane depends on ^e date of harveft 
of sugarcane. In lowlands of eastern India and Bangladesh, rice is grown afler jute in die 
monsoon season. 

Triple cropping is another pattern in the rice -wheat system. In Bangladesh, rice-wheat is 
practised in areas diat allow die Mtia rice to be grown. Triple patterns with two rice crops are 
found in warmer areas where iiri^tfion is available. OAcr non-rice crops are found in triple 
rice-wheat systems. Planting of a short season oilseed { Brassica\ potato or other vegetables is 
common on the higher terraced, lighter soils where short duration rice varieties are used (Ahmed 
etal. 1983;liobbse/a/. 1991). 

Many sdratists encourage fanners to grow a green-manure (Sesbania) or sAiort season grain 
legunoe, mungbean or cowpea in the free time between vhetA harvest and rice planting but few 

fanners have adopted this practice so far. There is some correlation between the position in the 
topography and soil texture. The heavier soils tend to be in the lower terraces and depressions 
and light soils in the higher terraces and ridges. This influences rice yield via moisture 
availability, time of field preparation and planting of crop. Moreover a divme weed flora in 
heavy and light textured soil arises. 

WEED FLORA 

In rain-fed uplands, which are uppermost in tuposequence, the rice crop is direct seeded in dry 
condition. Aerobic soil environment and optimum temperatures in rain-fed uplands in the wet 
season encourages enmgenoe and growth of annual grasses followed by sedges and dicots. 

Eaily ciricmence of a diverse weed tlora is likely to crowd out rice plants in direct seeded rice 
culture, both under upland and lowland situations. In transplanted rice, the total number of 
weeds infesting the crop are less with the dominance of sedges in Eastern India and grasses in 
North- West India (Table 3). 

Thetenmort important weeds in south Asia based on the work of different workers (Sankaran 
andDeDatta 1985;Zafar 198S; Moody 1989; Mukhopadhyay I^oi; singh i'tal. 1992; Malik 
et al. 1992; Muthukrishanan and Purushotaman 19*-)2), include Ecluiujchlou cni.s-<^alli (L.) P. 
Beauv., Cynodon daciylon (L.) Pers., Digitaria sp., Qpetiis sp., Fimhristylis miliacea (L.) Vahl» 
Edipta aUm (L.) Has^ Sagittaria sp., Sciijms sp., Monochoria vaginalis (Bunn.f.) Presl and 
Marsilea quadr^ia L.. The weed spectra in different rice cultures (Table 3) show that for an 
effective weed management schedule, knowledge of the weed flora is important in planning 
weed management research. Appreciation of the more diverse weed tlora in direct seeded 
dryland and lowland rice compared with transplanted rice indicates how efficient weed 
management has to be in such systems. In direct seeded rice, weeds emerge very early, often 
in the first month of nop sowing. That means the whole spectrum of weed flora needs to be 
treated early to avoid competition. In direct seeded dry sown or broadcast rice even if weeds are 
controlled by manual weeding, the crop tends to suffer one or two more Hushes of weeds before 
it enters the grand growth phase. Different flushes would also comprise various weed species 
which may not respond to a single herbicide. The causes of a more diversified weed flora in 
dkect seeded rice are easy to identify including 1) more tone required for early canopy cover 
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Table 3. Weed flora of transplanted rice, direct seeded dry sown and lowland rice of South 
Asia 



rraiuplaiili'd rice 



Diri-c( si-edvd 



Lowland rice 



Echinuchloa crus-galli (L.) 
Beauv. 

EchinocMoa colona (L.) Link 

Paspalum disiichum L. 
Cyperus iria L. 

Ischaemum nigosum SalLsb. 
Eragrostis japonica (Thunb , ) 
Trin. 

Dactyloctenium aegyptium (L.) 
Willd. 

Leptochloa chinensis (L.) Nees 
Sagiitaria guayanensis Kunth 
Cyperus diffomis L. 
Fimbristylis tenera Roem. & 
Schult. 

Eclipta alba (I..) Hassk. 
Ludmgia perennis L, 



Ei liiiHic hlua colona (L.) Link 

EchinocMoa crns-galli (L.) 
Bcauv. 

Eleusine indica (L.) Gacrtn. 
Dactvlocienium aegyptium (L.) 
Willd. 

Paspalidium sp. 

Cynodon dactylon (L.) Pers. 



1a Innochloii cnis-gaUi (L.) 
Bcauv. 

Paspalum scrohiadatum L. 

Cyperus iria L. 
Cypents difformis L. 

Fimbristylis miliacea (L.) Vahl 
Scirpus juncoides Roxb. 



Digiiaria sanguinalis (L.) Scop. Scirpus supinus L. 



Cyperus rotundus L. 
Fimbristylis miliacea (L.) Vahl 
Eclipta alba (L.) Hassk. 
Trianthema portulacastnim L. 

Anmchophacelus axillaris (L.) 
Rolla Rao & Kamathy 
Lindemia ciliata (Colsm.) Pcnncll 
Digera arvensis Forsk. 



Sphenoclea zeylanica Gacrtn. 
Hydrolea zeylanica (L.) Vahl 
Sagittaria trifolia L. 
Monochoria vaginalis (Burm.r) 
Prcs! 

Eriocaulon sexangulare L. 

Ammannia baccifera L. 
Marsilea quadrifolia L. 
Ludwigia perennis L. 
Aeschynnmene aspera I .. 
Cluira ZF\'lmiir,i Will.l 



allowing weeds to emerge, grow and gain a competitive advantage over the crop; 2) early 
emerged weed populations will not allow rice seedlings which are still struck near the soil 
surface to grow normally; as the weeds get stronger and healthier the share of resources for rice 
diminishes; 3) there is a shift towards weed communities that require less moisture for their 
emergence and growth; 4) in transplanted rice, the simplification of weed flora seems to have 
been triggered by efforts to use more fertiliser and indiscriminate use of water. Raising 
productivity in transplanted rice spurred by new technology and short statured varieties 
encouraged farmers to adopt timely sowing and higher plant populations which favoured weeds 
that required high moisture and nutrient levels and could tolerate thick canopy cover. 

WEED-CROP COMPETITION 

The breeding of modem short statured, high yielding rice varieties and the consequent evolution 
of new intense cultural methods and increased fertiliser use have resulted in diminishing 
competitive ability of rice. Maximum yield reduction has been due to severe competition from 
Echinochloa spp.. Comparative growth studies of Echinochloa spp. and rice in monoculture 
indicated that the dark respiration rate of Echinochloa spp. was considerably lower (47 and 81 
%) than rice. Such weeds appeared to be superior to rice in efficiently utilising the environment 
and producing higher biomass due to their C4 pathway of photosynthesis (Table 4). 

Crop-weed competition is most severe in dry seeded upland situations and comparatively lower 
in puddled seeded or transplanted rice cultures ( Pillai and Rao 1974). Dry weight of total weeds 
in direct seeded and transplanted rice as influenced by time of weed removal are given in Table 
5. 
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Table 4. Crop growth rate (CCR), relative grovth rate (RGR) net assimilation rate (NAR) 
of EchinocMoa glabrescens and rice at different stages (Devendra et al. 1986). 



Species 


CGR(£/niVday) 


RGR(£/£/day) 


NAR(s 


/mVdaj 






1C40 21-4» SMS 


10-20 tl-4» 41-SO S1-6S 


1*411 21-40 


41-M 


51-68 


Ric* 


1.9 7.6 152 332 


0.134 0.097 0.061 OJ048 


8.53 $M 


4.30 


S.81 


E 

glabreicens 


4.7 12.2 2B.I 61.B 


0.171 0.0B3 0X167 OjD03 


10.90 S.94 


6.82 


11.47 



Table 5. Dr>' wei<^ht of total weeds (<:'m^) in direct seeded and tranqilanted rice M 
inOuenced by time of weed removal (Bhan ei al, 1985) 



1 reatments Trtnsplanted rice Direct seeded upland irrigated 

rice 



Weedy check 


239 


412 


Weed free at 15 DATVDAS" 


124 


526 


Weed free at 30 DAT/DAS 


41 


147 


Weed free at 45 DAT/DAS 


30 


37 


Weed free at 15+30 DAT/DAS 


54 


145 


Weed free at 15+45 DAT/DAS 


23 


35 


Weed free at 30+45 DAT/DAS 


37 


23 


( .1)^ al ^"n 


5(") 


10*1 



^ays after transplanting; "Days after sowing 



The first 30-40 days is considered to be the critical period for crop-weed competition in direct seeded 
rice (Sharma et al. 1977; Tewari and Singh 1991 ) w hile the removal of weeds as late as 70 days after 
transplanting increased paddy yield significantly (Singh et al. 1991). 

Weeds compete severely for nutrients and depending upon the intensity of weed growth, the 
depletion may be up to 86.5 ke N 1 2 4 kg P and 134.5 kg ICha and in addition 61, 15» 2523 and 166 
g/ha each of Zn, Cu, Fe and Mn respectively, in fields dominated by Cyperus wtmdus L. Yield 
losses due to weeds in rain-fed upland rice are 50 to 97% in India (Saxena et al. 1990; Moonhy and 
Manna 1989; Vaishya a/. 1992), 70% in Nepal (Mallick 1982) and 80-100% in Bangladesh (BRRI 
1981). Weeds in dry, wet seeded and transplanted rice caused 70-100%, 46^ and 33-75% reduction 
in grain yield, respectively (Kulmi 1989). In West Bengal, an aquatic weed Chara sp. produced 
about 1 060 kg/ha dry matter and removed 21! kg N'ha, causing a reduction in rice yield up to 41"o 
(Guha 1991). Since long duration varieties are grown in rain-ted lowlands of Eastern India and 
Bangladesh, weed oonqMtition is not as severe as fliat in short duration rice varieties grown in 
uplands. Among diost duration cultivars tiie weed competition is more in semi-dwarf tiian semi-tall 
varieties. 
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Wild rice causes severe problems in rain-fed lowland rice due to its competitiveness and its ability 
to cross- pollinate mth cultivated rice. Cultivated rice seed may be contaminated with wild rice. The 
seeds of wild rice shatter from panicles quickly and have long dormancy. Since it is not possible to 
detect wild rice in die initial stages in die broadcast sown crops, fanners do not remove dienu At 
later stages the weed becomes a problem and reduction in yidd ap to 15% in India was reported 
(Richharia 1964). 

WEED iVlANAGEMENT 

Poor weed management is the most likely cause of poor yi dds in rain-fed rice and direct seeded rice. 
The efficiency of difiPeient weed management systems is direcdy related to the systems of rice 

cultivation. Among the existing practices of rice culture, weed problems are most severe in upland 
rice due to direct seeding without any flooding and puddling and absence of standing water. Unless 
direct seeded rice is protected from a wide spectrum of weed flora, farmers have to settle for 
alternative crops in rain-fed areas. In inland rice, the rice and weeds emerge at the same time 
providing a severe ooinpetition in rice while in rice cultivation in puddled standing water, tiie nature 
and intensity of weed kfestation is rdativdy less severe. The control measures can be dvided into 
following categories: 

Preventive Methods 

1. Only clean seed should be sown. Weed control measures should be adopted in rioe nurseries. 

2. Keep bunds and hrigation channels free of weeds as these dn^ seeds into iirigation water "whuAi 

can carry them into the rice crop. 

3. Careful tillage with complete inversion of fiirrow slice. This helps to remove many weeds which 
have grown since the last harvest. 

4. Make fertiliser applications when tiie benefit is likely to go to the crop rather tiian weeds. The 
efiSect of fertiliser will be maxhnum if weeds have previously been removed from the crop. 

Physical Methods 

Weed problems vary from region to region, from farm to farm, in the Indo-Gangetic plains of India 
and Pakistan, where trBm!»laitted rioe is die common noe cnlturo of die wetter monsoon season fitm 
June to Septerhber, mechanical or manual weedings are not always economical. Physical methods 

are prevalent in the rain-fed areas or in the areas where only partial irrigation is available. In 
Bangladesh, Nepal, Sri Lanka, north east India, central India and to some extent southern India, 
moisture stress at sowing effects rice germination but weeds emerge in large number and great 
diversity. Moreover, hot dry winds do not allow efficient use of herbicides at sowing. 

In South Asia, physical methods-manual or mechanical, have been the main practice. Starting from 
hand-weeding, weed control has gone through a number of stages in its evolution; use of hand tools, 
hoes, animal-drawn implements, employed alone or with other cultural or chemical methods as 
integrated weed management. Manual or mechanical methods continue to be in the mainstay in weed 
control in dhect seeded irrigated or rain-fbl and low land rain-fbd rice. It is a common sight in Soudi 
Asia that children and women stoop down for days together to weed their fields with hand 
implements. With the advent of line sowing, a number of mechanical devices and bullock or tractor 
drawn implements are being increasingly used for interculture and weeding. The operation of 
weeding between the rows leaves the weeds within rice rows uncontrolled. 

In recent years, however, wages have increased to $1 to 1.5/day in Punjab, Haryana, Andhara 

Pradesh and Kamataka in India, parts of Pakistan and Sri Lanka. Quite often there is a shortage of 
contractual or family labour at peak seasons due to their diversion to transplanting operations which 
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coincide with the weeding operation in uplands. Increased literacy, migration from villages to urban 
areas and changes in social life in villages, particularly the changing role of women in the society are 
fast contributing to the labour Mortage. In many areas, labour is available but is utilised, in most 
cases, for other fann opoadons at the expense of weed oontcol. The relative cost involved along with 
unavailability of labour during the peak periods of farm operations and tediousness of the manual 
operation under high temperature and high humidity are some of the drawbacks of this system In 
rice nurseries, hand weeding is more difficult because in pre-germinated or broadcast seed, labourers 
cannot move through nursery beds without pressing down some rice seedlings. 

In weed management, the main aim of the farmer is to maximise profits. For a weed control to be 

economical, the values of output nrist he greater than the resources consutned. So the choice of 
weed control depends on its profnabiliiy, which in turn is dependent on the costs involved in its 
application and the increased return resulting therefrom. In the case of manual weeding, the costs 
are dependent on wage rates and the efficiency of labour, while in chemical weeding it involves the 
prices and efficienqr of herbicides. An economic analysis of weed control methods based on earlier 
findings in tran^lanted rice is given in Table 6. 



Table 6. Economics of weed control practices in transplanted rice (Chaudhary 1994) 



Weed control 
practices 


Average yield 


Value ol 
additional yield 


Cost of weed 
control practices 


Net return 
per ha 

(^) 


No weeding 


4745 




m 




Butadilor 


6005 


155 


10 


145 


Manual weeding 30 
DAT* 


5705 


113 


'36 


87 



*Days after tranq>lanting 



In rain-fed upland rice, it is common practice in northern parts of West Bengal (India) and 
Bangladesh for fiutncrs to pass a spike-tooth hamjw (blind tillage) through thdr broadcast rice 
(Aus) fields 5-15 days after crop emergence (Moody and Mukfaopadhyay 1982). In India, field 

experiments in rain-fed rice showed that hand hoe, blade hoe and rice weeders were as effective 

as hand weeding. Blind tillage of\en known as raking and laddering is used to lightly press, and 
level the soil. This operation kills some weeds as well as thinning the plant population (Aiimed 
and Islam 1983). 

In low-land broadcast sown rain-fed rice, f:irmers traditionally practise an operation known as 
hcuxhartini^ or hiasi in eastern states of India- Orissa, Madhya Pradesh, Bihar and to a lesser 
extent in Assam. West Bangal and Utter Pradesh. The operation involves shallow cross 
ploughing in water (5-10 cm depth) 30-40 days after sowing, followed by levelling. By this 
operation die thick population of rice is thinned and later it is followed by redistribution of 
seedlings and to fill gaps. During the beitshanin^ operation, culms of Echinochloa sp. (which 
resemble rice plants at early growih stages but which de\ elop intemodes much earlier than long 
duration rice) break and detach below the nodes. Rice plants escape this damage because nodal 
differentiation occurs later (Biswas et al. 1991). This is an important low cost weed control 
practice in lowlands since hand weeding is expensive and impracticable. In studies on 
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btusluinw'.' in traditional variety {Safri 17) at Raipur, Madhya Pradesh, grain yield was highest 
when beusiianiiig was done 45 days after sowing (Chandravanshi 1989). improved betishanin^ 
involves utferculturing with a cono-weeder in the inter-row spaces in drill sown crops (Sharma 
ettd, 1994). Studies conducted at CRRI, Cuttack (India) revealed that the betishaning operation 
supplemented with hand weeding and gap filling increased the yield of lowland rice 
( I 'tkalprabha) by 41 % over iinhtushaned and unweeded crops due to better weed control, crop 
thinning and soil loosening improving soil aeration (Moorthy and Rao 1991). No differential 
reapaam of rioe varieties of diiibient plant heig|it • Tulasi (Semi-tall), Gayatri (Semi-dwarf) 
Udcal^naUia (Semi-lall) to tfie beudianu^ operation was noticed (Moorthy and Rao 1993). This 
practice did not improve crop productivity where water depth went beyond 40 cm due to non- 
establishmrat of rice seedlings (Sharma 1992). 

Cultural methods 

In transphmted rice. Water management. In areas ^ere it is possible to control irrigatioa, 

many weeds can be controlled by good water management In all areas, it is very inqxnrtant tiiat 
rice fields should be as level as possible since after the fields are flooded, patches of weeds may 
develop on otid raised pockets in the field. In most fields, continuous flooding to a depth of 5-10 
cm is seldom attained. Exposure of soil surface at any time during the first 3 weeks after 
tiansplanting allows weed emefgence and influences tiie effectivaiess of herbicides. 

Dry weight of weeds declines with increase in the level of submergence (Table 7). During 
transplanting, puddled fields should have 2.5-5.0 cm of water. After transplanting the depth tnay 
be increased to 5-10 cm. Timely and thorough withdrawing of water from rice fields helps to 
control algae. Drying of fields as soon as algae appears followed by reflooding is very useful 
for weed control. In rice nurseries, if proper dqtth of water (5 cm) is maintained, lower dose 
rates of hobicides can be used. Water management integrated witfi diemlcal weed control can 
achieve maximum benefits. 

Table 7. Dry matter accumulation (g/m^) by weeds as influenced by the level of 
submergaice (Singb 1983) 



L#vel of sobmcrgeDce Day« after rowing 





30 


60 


90 


At harvest 


0-5 cm 


12 


53 


89 


67 


5-10 cm 


12 


52 


72 


49 


10-15 cm 


7 


24 


38 


32 


Duect seeded rice 


144 


734 


693 


3 



Planting densifit's. Improved plant stand csiabiishment and more competiti\'c rice cultivars can 
help reduce weed competition. This is an impoiiant objective for breeding dry and direct seeded 
. rice (Hobbs 1994). Medium nnturtty, modem short statured and high yielding rioe varieties are 
preftnedby fiamers. .foifmartriceisamajor choice in Pakistan's Punjab (Byerlee a/. 1984), 

and parts of Haryana (Harrington et al. I993V Tall cultivars and cultivars which co\'er the 
ground early in the season provide increased Ci nnpctitu)!! aijainst weeds. Increasing crop plant 
density may bring about reduction in the accumulation in the dry weight of weeds (Table 8). 
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Increase in plant densities and nitrogen may assist each other and exert a smothoing effect on 
weeds. 



Table 8. Dry weight of weeds (g/m') as influenced by planting densities (Walia et aL 1988) 



Plant aennties (bilwm ) 


Weed dry weight at liarvest 


1983 


1984 


25 


26 


29 


33 


22 


26 


42 


18 


22 


50 


16 


20 


66 


12 


15 


CD. (P=0.05) 


3 


2 



Rain-led upland rice. Unlike transplanted rice, in direct sown rice botii under dry seeded 
condition and wet seeded condition, oonqtetition invariably ikvours weeds and it is difficult to 
control them by one or two manual weedings. Adoption of agronomic practices depending on 
local conditir tis may help to reduce weed competition in the early stages of crop growth undo* 
rain-fed upland rice ecosystems. 

Stale seed bed technique. This technique in dry seeded upland rice involves the removal of 
successive weed flushes before planting. Chemical (paraquat or glyphosate), mechanical and 
manual methods may be used to control weeds. The dry seeded rice crop may be sown with 

minimum soil disturbance after the weeds have been controlled. The size of subsequent 
germinating weed cohorts will be minimised because most weeds in the favourable zone for 
emergence have already been controlled (Moody and Mukhopadhyay 1982). Work conducted 
at CRR], Cuttack (India) indicated that appropriate land preparation and sowing in a stale seed 
bed can be effectively used in integrated weed management systems (Moorthy and Manna 1988; 
Chandra ef<i/. 1991; Moorthy 1992). 

Land preparation. Ploughing immediately after harvesting the previous rice crop may have 
advantages ov^ ploughing at the beginning of tiie next rainy seascm. It is possible only if iSie 
soil after harvest is still moist enough for plou^nng. Repeated tillage during the fallow periods, 
prevents weeds from seeding and exposes vegetative propagules to drying thus depleting weed 
seed reserves in the soil (Moody and Mian 1979). In all the South Asian countries, rain-fed 
upland rice is often mono-cropped. 1 his practice facilitates weed growth and perpetuates the 
weed problem for following crops (Sankaran and De Datta 198S). In easton India and 
Bangladesh, pulse crops like black gram and horse-gram are of^en sown after upland rice on 
residual moisture. The crops cover the field and prevent weed growth to a certain extent 

Nitrogen application. Weed growih is stimulated it nitrogen is incorporated into the soil. l ime 
of application should be such that competition favours the crop rather than weeds. Basal 
application of nitrogen aggravates weed problems in dry-seeded rice and hence, it should be 
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delayed until weeds have been removed. Moorthy and Mitra (1990) suggested nitrogen (60 
kg/ha) should be applied in 3-4 splits after weed control. 

Cultivars. Varieties that emerge rapidly, have high seedling vigour and rapidly develop a 
canopy cover would be expected to compete more successfully against weeds than varieties 
lacking these characteristics. For heavy weed infested upland situations semi-tall plant types 
(11 0-1 25 cm) with rapid germination , seedling vigour and moderate tillering are preferred 
(Mohanty 1978). Use of modern high yielding dwarf varieties coupled with high N application 
necessitate higher investment in weeding to realise higher yields. 

Seed rate and sowing methods. Sowing in rows and high seed rates reduces weed growth, 
increases crop plant population and increases grain yield of rice over broadcast sowing 
(Chandrakar et al. 1985). Tosh et al., (1981) obser\'ed reduction in weed biomass with 
increasing sowing rates from 70 to 110 kg/ha. Moorthy and Mitra ( 1991 ) also recorded similar 
reductions with increasing sowing rates from 50 to 100 kg/ha. Rice establishment methods have 
a great effect on weed problems encountered during the season. Ma.ximum weed populations 
and dry weights are found in dry seeded rice and minimum population and dry weight are found 
in the transplanted rice (Table 9). 



Table 9. Effect of different rice stand establishment methods on density and dry weight of 
weeds at harvest (Shah et al. 1990) 



Rice stand establishment 
methods 


Weed density (no/m^) 


Weed dry weight (g/m*) 


Direct seeding 


15.6 (278) 


163.8 


Sprouted seed in puddled 
condition 


13.6(205) 


109.9 


Transplanting 


11.0(137) 


89.0 


CD. at 5% 


0.2 


7.3 



Plant density' and row spacing. Wider spacing of 60 cm increased weed incidence (Pillai and 
Sreedevi 1980) and a closer spacing of 15 cm was found successful both from the point of view 
of crop growth and weed suppression (Pande et al. 1974). 

Chemical Weed Control 

Transplanted rice. Chemical weed control has largely been accepted by farmers of transplanted 
rice but not by farmers of direct seeded irrigated, direct seeded rain-fed and rain-fed lowland rice 
conditions. The more popular herbicides include butachlor, thiobencarb and anilofos. Other 
herbicides which have been found successful include, pretelachlor, cinmethaline, chlorimuron, 
pendimethalin and metsulfuron. Sulfonyl urea herbicides have been found effective against 
annual broad leaf weeds. These herbicides can be used for broad spectrum weed control tank 
mixed with grass killing herbicides. In India herbicide use in transplanted rice started in the mid 
seventies and increased to 540 MT. (active ingredient) in 1983. By 1993 the use of butachlor, 
anilofos and thiobencarb was 1860, 450 and 10 MT. active ingredient, respectively. In 
transplanted rice, herbicides applied alone 3-4 days after transplanting are quite successftil 
because the weed flora is dominated by annual sedges and grasses. Chemical weed control is 
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more economical in transplanted rice situations of north-west India and parts of south India and 
Pakistan. The acceptance ot" chemical weed control depends on the stage of agricultural 
development. Since north-west Indian tarmers with the best lands for rice cultivation have 
abeady adopted new cultivars and fertilisers at more than 120 kg N/ba, chemical weed control 
is the best alternative to increase or stabilise paddy yvAds. 

Direct seeded irrigated upland rice. In upland direct seeded rice, a short season dry seeded rice 
is grown during the monsoon. This system is tollowed in small areas in Indo-Gangetic plains 
where a subtropical climate prevails. Most ohen dry seeding is done after one pre-sowing 
irrigation in die montii of June. Early emergence of weeds along witii crop seedlings and their 

rapid growth results in a severe crop weed c<»npetition and this culminates in greater i c Juction 
in the growth and yield of rice crop as compared to transplanted rice ranging from 74 to 100 % 
(Poonia 19S3). Pendimethalin at 1,5 kglia or thioheiuarb at 2 kg/Tia have been found to 
effectively conU'ol weeds in upland direct seeded iingaicd nee. However, two manual wccdings 
have been found to provide better weed control than herbicides (Bhan et at. 1986). In this 
system a wide spectrum weed flora of annuals and perennials {Cypents rotundus) occurs so that 
either herbicides or mechanical control alone may not be successful. Herbicide mixtures applied 
at post emergence and supplemented with one manual weeding are needed for successful weed 
management. 

Rain-fed npland rice. Herbicides which have been found effective in this system include; 
propanil applied post-emergence, butachlor applied pre-emergence, butachlor ^lied 

pre-emergence and supplemented with one hoeing, oxadiazon applied alone as pre-emergence 
and supplemented with one hoeing, oxyflourfen applied alone and supplemented with one 
hoeing, pendimedialin applied alone and supplemented with one hoeing. Experiments conducted 
in different parts of Inda are summarised in Table 10. 

Herbicides found most effecti\e in smitli India include pendimethalin and thiobencarb while in 
central and north India pendimethalin was lound most eftective. Most pre-cmei"gence herbicides 
have been found to cause phytotoxicity problems on rice seedlings whenever heavy rains 
occurred immediately after tiieir application indicating adverse herbicide-moisture interaction 
(Moordiy and Mitra 1991). Eflfects on the selectivity of herbicides due to genetic variability has 
been reported from many experiments conducted in rain-fed upland rice (NTohan and 
Subrahmanian IQ'^fv Moorthy and Vlanna 1984). Toxicity caused by butachkir at 2.0 kg/ha in 
upland rice was minimised by hand placement of activated charcoal, an absorbent (oj 50 kg/lia 
and next best was seed pelleting with activated charcoal (o) 2 kg'ha (Moorthy and Mitra 1992). 
The bdler mediod was moie economical. Use of safener (0. 1 89 kg/ha) along with die herbicide 
butachlor ( 1 .25 k@1ia) was found to reduce toxicity on rice seedlings and increase yield (Murtiiy 
etal. 1993). 

Rain-fed lowland rice. Most available information from South Asia indicates that herbicides 
suited in upland rice can be convem'ently used in the rain-ibd lowland ecosystem. In a majority 

of the cases herbicides applied alone are not economically viable and one manual weeding is 
necessary. Supplementing the henshaning practice with oxadiazon (0.6 kg/ha) or thiobencarb 
(1.5 kg/ha) gave the highest weed control eftlciency (Prusty et al. 1988). 
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Tabic 10. Effect of weed control methods" on the i^rain yield of rice under direct seeded 
upland conditions (Angadi et ai. 1993; Sreedevi and Thoma, 1993; MahaUe£f a/. 1993; 
imetttl. 1993; Pnisty etaL 1993; Saxena and Vaishya 1993) 



Weed control nctllOdi Cialn yiild (ku;li,i) 



SovllMniladia CoilnliBdia North 

India 


Kamatka 


Keralu 


Maharutr Ori 
a 


ua Utter 
FradMh 









(1991) 


(1M2) 


(19»1) 


(UM) 




(»») 


Unweeded check 


60 


510 


778 


960 


1120 


1580 


200 


121 


Weed free check 


5880 


2640 












4233 


Two hand weedings 


3600 


2340 


5956 


3506 


2587 


3070 


1800 


2998 


Herbicide + manual 
weeding 




2230 






m 




1700 


3459 


Herincide alone 


730 


1570 


4889 


2722 


2286 


3310 


1200 


2919 


CD. (P>^>.05) 


530 


410 


1552 


812 




293 


600 


125 



* BestinalnMnMofliei1)icide»aDdlMilMcid^ 



CONTROL OF AQUATIC WEEDS 

Because of water depth, application of chemicals fc i aquatic weed control is beset with 
problems. In West Bengal (India) the troublesome weed Chara, could be effectively controlled 
by oxadizon applied pre-emergenoe at 2 kg/ha or CUSO4 at 16 kg/ha. CUSO4 at 1 0- 1 2 kg/ha also 
gave satisfactory control of floating and algal weeds (Dutta and Banerjee 1980; Pande 1984). 
More leseaich is needed to discover cost dfeottve aquatic weed control methods in lowland rice 
culture. 

CONTROL OF WILD RICE 

Since wild rice causes significant yield reductions in domestic rice, farmers in eastern India 
geiMfally prefer to grow purple leaf cultivars of rice where wild rice is a problem. This 
ftdlilates weeding out wild rice. However, these purple leaf cultivars are not as good yielders; 
purple stemmed cultivars with green foliage are better f Richharia 1964). High yielding purple 
stemmed varieties are rare. Recently a cultivar, Kalashree, was developed at CRRI, Cuttack and 
is well suited for wild rice infested situations. Other improved cultivars earlier developed in 
Orissa (India) were T 1145 and T 1242. However, since wild and domesde rice can 
cross-pollinate, it is possible that wild nee may also develop populations vA\\\ purple leaves Of 
steins. Wirjahardja et a!. ( 1 983 ) and Richharia ( 1964) recommended the following measures to 
minimise wild rice competition: 

• By sowing pre-genninatod seed in fields <hat have been flooded or culttvated. 
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• By transplanting rice in lines after puddling the field to (a) destroy the genninating wild rice 
that may exist at the time of transplanting and (b) to enable the detection of wild rice plants 
so that they can be rogued out as they appear. 

• By puddling the soil before tnoadcasttng rice seed. 

• By row seeding where rice gtowing between rows can be easily recognise 

• By growbgahoit^eason rice varieties that aie harvested long before wild rice sh^^ 
grains. 

The challenge for weed management in both upland and lowland rice is to put together a 
package of teclindogy that most flumers can use. Herbicide af^lication techniques in 
South-Asia show considerable room for improvement. 
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W££D MANAGEMENT IN RICE IN THE NEAR EAST 



S.M. Hassan and A.N. Rao 

INTRODUCTION 

Rice is the traditional staple food of the Near East, particularly for the Egyptian and Iranian 
peoples. Their agriculture has long concentrated on rice production but rice is a new crop in 
Morocco, Sudan and Saudi Arabia. Rice is grown in 1,41 1,000 ha in the Near East (FAO 
1993). Egypt, Iran, Iraq and Tuffcey are major rice growing countries in the Near East with areas 
of 510,000, 600,000, 75,000 and 53,000 ha respectively (Table 1). 



Table: 1. Area under rke (1992) and productivity of rice in the Near East*. 





Area ( '000 ha) 


Yield (kg/ha) 


World 


147168 


3571 


Near East 


1411 


5013 


Fgypt 


510 


7659 


Iran 


600 


4164 


Iraq 


75 


2000 


Turkey 


53*» 


4340** 


Morocco 


6.6*** 


3470*** 


Syria 




5500** 






1000** 



Source: 

• FAO, Quarterly Bulletin of statistics. 1993. Vol.6. No: 2. Page: 28. 

** FAO 1991.^Gy{aSJ^rinforinationsystemof Food and Agriculture Organisation, 

Rome. 

**♦ Lakrimi 1992 

Transplanting and broadcast seeding are the major systems of rice establishment in the Near 
East. Rice is transplanted in Iran (90 to 94%) (Izadyar 1992) ami Fy> pt (70 to 75%) (Hassan and 
Rao 1993b) while it is direct seeded rice in Turkey f lOU';,,) (Nezihi 1994), Sudan ( 100"'o) (Simbe 

1992) , Iraq (100%) and Mtirocco (90 to 97%) (Lakrimi 1992j. In recent years, direct seeding 
(broadcasting or ^bbling pi cgerminated seeds on puddled soil) has become an increasingly 
inqx»tant melbod of rice establishment in many countries. For example in Egypt, about 25 to 
30% of the rice farmers have switched to broadcast and/or dibbled seeded rice. The average 
productivity of rice in the Near East is 501 > kg/ha compared with 3.570 kgha for the world 
(FAO 1993). Egypt ranki fust in productivity in the region with 7,659 kg/ha, while the 
productivity of rice in Iran, Iraq, Turkey was 4164, 2000, and 4340 kg/lia, respectively (FAO 

1993) . In experiment stations in Egypt productivity of up to 13 t/ha has been recorded (BaUd 
1992). The favourable environmental factors in the Near East are not only conducive to rice but 
also to the weeds. Hence weeds are one of the m^or limiting factors in rice production in the 
region. 

In this chapter, die research progress on weeds and their management in rice in the Near Bast 

is reviewed, the sustainable weed c(>ntrol measures useful to the farmers are summarised and 
future weed management research needs are proposed. 
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WEED FLORA 

Rice fields can be colonised by terrestrial, semi-aquatic ov aquatic plants depending on the type 
of rice culture, the season and environment. Rice lields, m general, support a diverse flora with 
diversity decreasing widi increasing flooding and puddling. This colonisation occurs de^te llie 
drastic intervention required to prepare the fidds for planting (Fernando 1980). 

Zohary (1973) noted that the eastern and southern fringe of MediteiTanean and adjacent Iran- 
Turanian steppes in the Middle East are the largest centre for weeds and are the cradle of many 
weeds common to the temperate and warm temperate zones of die world. 

A review of the literature and the response of the scientists to a structured questionnaire from 
us revealed that, the rice fields in the Near East are infested with about 65 weed species from 25 
genera. The most widespread weed species belong to Poaceae and Cyperaceae. Echinochloa 
crus-gcUli (L.) ?. Beauv. and Qpen4S diffomiis L. among annuals and Scirpus maritimus L. and 
Qperitf rotundus L. among perenniats were the most commonly reported qpedes in tihe Near 
East. The major weeds occurring in rice fields in difibwnt countries of Near East are presented 
in Table 2. 

Shifts in Weed 1 loras 

Ecological shifts m weed populations are known to occur m rice agroecosystems due to changes 
in cropping systems, use of herbicides, continuous use of a cultural method or a diange in the 
method of planting rice. 

Most herbicides have always controlled the weeds for which they were intended but leave other 
Species uncontrolled. These weeds later become troublesome. In Egypt, the continuous use of 
thiobencarb in the Dumaitta governorate has lead to the predominanee oiAmmamia spp. and 
EcHpta prostrata (L.) L. In Dakhalia governorate, it has lead to the shift in population to 
EdUnochloa colona (L.) Link and Eleocharis geniculata fl. ) Roem. & Schult.. In the Kafr El 
Sheikh and El-Sharqia govemorates, continuous use of oxadiazon led to the predominance of 
C. difformis and Scirpus Jmcoides Roxb. 

The change from manual transplanting to broadcast seeded rice has resulted in dramatic shifts 

in weed infestation and distribution. The Echinochha spp. population has increased with the 
increase in broadcast seeded rice in Egypt. For example in the Dakhalia governorate (which has 
the largest area under broadcast seeded rice), the hierai;chial list of dominance is in the order of 
Ediinochtoa spp., Q^pma spp. vaAAmmtmnia spp. 

In Iran, appiicatinn ofherbicides by farmers is often supplemented by hand-weeding to remove 
uncontrolled weeds Farmers managed to stop shifts in weed flora with this practice even after 
15 years of continuous application ofherbicides (Moussavi 1985). However, Echinochloa cnis- 
go/ff became resistant to propanil (Moussavi et aL 1989). Mmodiorta va^naHs (Buna f.) Presl 
which was first found in Iran, in 1989 (Sharif 1 990), has spread from 500 ha in 1989 to 1,000 
ha in 1991 (Izadyar 1992); it is most common in Oilan Province of Iran. 
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Table: 2. Commonly reported tronbleiome weed species in rice in the Near East 



Weed species 


E 


I 


I 


T 


M 


s 


S 




G 


R 


R 


U 


O 


u 


• 




Y 


A 


A 


R 


R 


D 


A 




P 


N 


Q 


K 


O 


A 


R 




T 






E 


c 


N 


A 










Y 


c 




B 












o 




I 


















Echmochloa cms-galli (L.) P. Beauv. 


+ 


+ 


+ 


+ 


+ 




+ 


EaiinocMoawyzoides (Ard.) Fntsch. 


+ 














EdiinochuM pl^iopogon (Stapf) Koss. 


+ 








+ 






V* f • ft f /T \ T * 1 

Echmochloa colona (L.) Link 


+ 


+ 


+ 


+ 




+ 




Dinehra retro flexa (Vahl) Panzer 


+ 










+ 




Diplachne fusca (L.) P. Beauv. ex Roem. & Schult. 






+ 










Brachiaria eruciformis (J.E. Sm.) Griseb. 




+ 








+ 




Cyp«ms ^^i^mnis'L, 


+ 


+ 


+ 


+ 


+ 






CyperusrotimdusL, 




+ 


+ 


+ 






+ 


Cypenfs fifscus I 




+ 




+ 


+ 






Scirpus juncoides Roxb. 


+ 


+ 




+ 








Scirpus maritimus L. 


+ 


+ 


+ 


+ 


+ 






Scirpus Utoratis Sdirad. 




+ 


+ 










Fimhristylis bis-umbellata (Forssk. ) Bub. 




+ 












Eleochans geniailata (L.) Roem. & Schult. 


+ 














Ammannia baccifera L. 


+ 














Ammannia auiiculata Willd. 


+ 




+ 










Ammcauaa muU^ora Roxb. 


+ 


+ 












Aiisma plmu^o-aguatica L. 




+ 




+ 








Heliotropium stidanicum F.W. Andrews 












+ 




Phyllanthus fraternus Webster 












+ 




LgMCfl.v urticifolia L. 












+ 





Source: Egypt: Hassan and Rao 1993 a and 1994 b. Iran: Izadyar 1992, 1994; Das^db and 

Beigi 1988; Bischof 1971; Moussavi 1985; Fatemi 1983. Iraq: Najjar 1994; Abdullah et al. 

1986: Hiissain and Kasim 1976. Turkey: Nezihi 1994; Yiliz 1994; Hatice 1994; Kurcman 1985. 
Morocco: 1 anji 1994; Lakrimi 1992, 1994; Mouch 1985; Bouhache and Bayer 1989, Bouhache 
etal. 1989. Sudan; Babiker 1982; Ghobrial 1981, Hamdoun and Babiker 1978. Saudi Arabia; 
Changer a/. 1976. 

CROP Mi: 1. 1) LOS.S ASSESSMENT 

Weeds caLisc gi cater yield losses in direct seeded rice than in transplanted rice and in dry seeded 
soil than in puddled seeded soil (Moody 1977). In the Gilan province of Iran, weeds cause more 
yield losses than diseases and insects (Mirkamali 1985). In E^t, farmers ranked weeds as 
more troublesome than other pests (Hassan and Rao 1993a). The annual average reduction in 
rice yield in Arab counUries is about 14% (Anon 1984). 
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In Egypt, the potential yield loss due to uncontrolled weeds ranged from 4.42 to 7.6 t/ha with 
an average yield loss of 6.67 t/ha (75%). In manually transplanted rice the yield loss was 
minimum (46%) when compared wi& 90% losses with direct seeded rice (Hassan and Rao 
1993a). However yrhea weeds were ccmtrolled to dif!erent desrees, eadi 100 gAn^ diy wa^t 
of survived \\ eeds (cooiprising 75% grasses and 25% sedges and broad leaf weeds) reduced 
grain yield by 18.5%. 

Oop losses due to weeds were estnnated as 50% ibr rice in Iniq(Abddlah«t^^ 1986; AI-Kaisi 
1987). The competition of weeds reduced grain yield of irrigiKted direct seeded rice in Sudan 

by 50 to 75" o (Babiker 1982; Hamdoun 1985; Ghobria! 1981) and 30 to 65% in Tuitoy (Nezihi 
1994; Yildi/ 1*104. Hatice 1994; Kadri 1994). In Morocco, rice yield losses were reported to 
range between 30 to 100% under high densities of £. crus-gaili (Tanji 1994; Lakrimi 1994; 
Abdellah 1994). 

In Iran, 1 28 plants of E. cnts-galli, C. rotitndus and C. difformis reduced grain yield of 
transplanted rice by 19"n ( Dastgheib and Beigi 1 '^88) In Gilan province of Iran, 256 plants^m^ 
of E. avs-gallit C dij/brmis, and Hciipus maritimus reduced the rice yield by 30% (Mirkamali 
1985). 

THRESHOLD LEVELS 

Studies on economic threshold levels in the Near East are meagre. In Egv-pt, on an average one 
E. avs-^aUi'wr caused an 11% reduction in rice grain yield ( Hassan and Rao i 994a). When rice 
plants grew between £. aus-galli plant groups spaced 20, 40, 60, 80 and 100 cm apart, rice grain 
yields were reduced by 59, 54, 50, 28, and 21% respectively. The results indicated that patchy 
distribution of bamyardgrass which survived herbicide or odier weed control me a sures would 
result in rice yield reduction. Thus, uniform E. crus-galli control is needed to avoid rice yield 
losses. 

METHODS OF WEED CONTROL 
Preventive 

Preventing the eatablishment of weeds through dissemination hy different floeans on farm is 
important in rice even today as it was before the advent of herbicides. 

Planting of clean seed is perhaps the most important management technique to minimise losses 
(Stoskopf 1985; Rao and Moody 1990). Use of weed free certified seed prevents the 
dissemination of weeds with seed A : cy in Egypt revealed that certified seed is usually 
relatively weed seed free, but farmers' seed was rarely completely free from weed seeds ( 1 .8 to 
4.5% weed seeds). In Iraq, the contamination of Echinochloa species seeds in rice seed is a 
problem (Abdullah et al. 1986) and it lowers the planting value of rice to great extent. In Egypt 
certified seed is avaiUble every year for 60-80% of tiie rice area (Balal 1993). In Mcxooco one 
of the major concerns is the lack of certified seed (Lakrimi 1994). Use of clean equipment, 
burning and other preventive measures should also be encouraged. 

Cultural Methods 

Every cultural operation is a selection process designed to encourage tiie oop, but specialised 

weeds are encouraged by the same process. Cultural practices selectively fiivour weeds despite 
the best efforts of the cultivator (Harlan 1975). 
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Method of rice crop establishment. Transplanting rice seedlings (? to 5 uccks) w ith five 
leaves or at tillering stage and their tolerance of flood \\ater confers a competitive advantage 
over weeds and tins is the major reason for transplanting rice in Egypt (Ibrahim and Hassan 
1986) and Iran (Izadyar 1992; Moussavi 1985). 

Seedling age, spacing and number of seedlings/hill, fn Iran, 20 to 25 day-old seedlings at a 
density of 16 to 20 hills, m' with 3-5 seedlings, hill are recommended for optimal grain yield 
(Izadyar 1992). In Egypt, 30 day-old seedlings were found superior to older seedlings. In 
narrow spacings (10-20 x 20 cm)* weed competition was reduced, herbicide performance was 
increased when compared widi wide spacing (Hassan et aL 1991c). The combination of 
continuous flooding, close spacing (10x20 cm) and six seedlings per hill resulted in oon:q>lete 
suppression of weeds and highest grain yield eliminating the need for herbicide (Hassan nnd Rao 
1993c). Nanow spacing with optimal nitrogen (96 kg/Tia) and thiobencarb 2.4 kg ha suppressed 
weeds optimally under the recommended irrigation regime and produced the highest yield 
(Hassan and Rao 1993c). 

Seeding rate. Crop competition is one of the cheapest and most useful methods of weed control 
available to farmers and is complementary to other methods. The closer rice plants are sown, 
the more competitive they would be against weeds and less weeds that grow in association with 
them (Hassan ei al. 1990a, Hassan and Rao 1994a). In Egypt, researdi revealed that 400 
seedlings/m^ in broadcast seeded rice will provide optimum yield, white the farmers maintain 
about 600 to 700 seedlings/m". A high sowing rate of 1 92 kg.'ha is recommended in broadcast 
seeded rice to control broadleaf weeds and C. difformis ( I iassan et al. 1990a). In broadcast sown 
rice, the recommended sowing rate is 130 to 175 kg lia in Iran ( Izadyar 1994; Mirkamali 1994), 
160-200 kg/ha in Tutkey(Hatice 1994), 100-120 kg ha in Iraq ( Abdullah «f a/. 1986) and 200- 
300 kg/ha in Morocco (Tanji 1994; Lakrimi 1992, 1994). A high sowing rate is used by rice 
fanners transplantmg in Egypt and Iran to compensate for bird damage and to suppress weeds. 

Water management. Lack of water is a major constraint to rice production. A cause of water 
shoiiagc is often due to weeds (Navarez et al. 1979). Flooding is effective and economical to 
control some weeds. Exposing of the soil to dry conditions for 8 to 12 days in the early stages 
of rice growlh increased weed number, the time required for hand weeding, the severity of weed 
competition and reduced the efdcacy of the applied herbicide (Table 3) (Hassan et al. 1991b). 
Most of the lierhicides in Egypt and Iran are applied in standing water which should be 
maintanied lor 3-5 days. 

Land preparation, a) Stale seedbed techtiique: The most practical and widely used means of 

weed control in Iraq is the stale seedbed technique (Abdullah t ; ,// 19S6). Fields are generally 
irrigated 10-15 days before sowing. This promotes weed ;::crmination and growlh. After the 
optimum soil moisture is reached, a disc hairow is run and the crop seed is sown. 

Stale seedbed is recommended in mechanically transplanted and drill seeded rice in Egypt to 
reduce weed pressure (Hassan and Mahrous 1989). Paraquat 0.6 kgTia at 3 days before planting 
is used when weeds have reached 3-leaf stage. Shallow harrowing is recommended before 
drilling rice. 

b) Tillage: In Egypt, the lowest density oi weeds was reported with land prepaiati(»i by 
mouldboard ploughbig+disc hanowing+dry levelling (El Serafy a al. 1994). In the Sudan, land 
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Table: 3. Dry weight of weeds and grain yield of rice as influenced by herbicides applied 
under different water r^imes in manually transplanted rice (Hassan etaL 1991b). 



Hcr1ilcldes,kgai/lui 


Continuous 
floodiog 


Water regimes 

4 days on+ 4 days on+ 
4dayioff Sdaytoif 


4 days on + 
12 days off 


Weed dr>- weight (g/w^l 










Weedy check 


60j 


288de 


597b 


715a 


Weed free 


Ok 


Ok 


Ok 


Ok 


Thiobencarb, 2.4 


2k 


62j 


165gh 


2S5c 


Thiobencarb, 3.6 


Ik 


17k 


120i 


175f 


Butachlor, 2.9 


Ok 


40i 


148g 


245cd 


Oxadiazon, 0.6 


Ok 


41j 


132h 


2086 


Grain ytckl(t/ha): 










Weedy check 


8.5i 


4.1f 


0.7b 


Oi 


Weed free 


11.1a 


11.1a 


8.9c 


6.0d 


Thiobencarb, 2.4 


11.0a 


10.1b 


5.0f 


2.9g 


Thiobencarb, 3.6 


11.0a 


10.8a 


6.6d 


4.5f 


ButacMor, 2.9 


11.0a 


10.0b 


S.Oe 


3.3g 


Oxadiazon, 0.6 


11.0a 


10.1b 


S.Oe 


3.1g 



* In a column, means followed by a common letter are not significantly different at the 3% level 
by Duncan's Multiple Range Test. ; Heibicides were applied 4 days after transplanting. 

preparation consists of discing and ridge operations. In rain-fed areas, farmers me siil^le 
cultural practices (Hamdoun 1985). Precise land levelling (dry or puddling) is required to 
maintain uniform water depth, good stand establishment, better herbicide efficacy and optimal 
weed suppression. Hence, in Egypt laser levdling will benefit large area farmers growing direct 
seeded rice. 

Nitrogen. The application of nitrogen without proper weed management tends to enhance 
vigour and competitive ability of weeds. In experiments conducted at a rice station in Egypt, 
in a weedy check treatment, increasing nitrogen from 96 to 144 kg N/ha increased weed dry 
wei^t by 44 to 54%. Increasing nitrogen levds inCTcased the gnun yield ti^iilicanUy when 
herbicides w c rc used as it enhanced the oonq)etitive ability of die crop against surviving weeds 
(Hassan and J<ao 1994a). 

E. cnis-guili weight was increased by 25% in association with short statured cv: Giza 181 when 
compared witih long statured cv: 171 luida nitrogen levd of 192 kg N/ha (El Kalla «ra/. 
1989). Ghobrial (1983) reported consistent and progressive increase in grain yield of rice widi 
- iiicrease in nitrogen level associated with better weed inaiiageiiieiit. 

Physical Methods of Weeding 

Hand weeding. Hand weeding is still die common control mediod used by most rice farmers 
in the Near East. Two hand weeduigs, conecdy tuned, provide exoelleirt weed control in 
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transplanted rice, while hand weeding is inuch more difilcult and slower in direct seeded ricc 
because of high weed densities and similarity between rice and grass weed seedlings. 

Hand weeding is effective ^oi die weeds are at the seedling stage but ineffective against 
estaUiahed weeds. Kukula (198S) mentioned diat in the Near East, hand pulling is oommonly 

used at a very late stage of growth and weeds have already competed with the crop. Late 
weeding does not help to increase crop production but pro\ ides a good quantity of fodder to feed 
livestock. Likewise in Egypt, hand weedmg is delayed until most of the weeds are easily 
obsorved. 

Prior to 1982 in Egypt, weeds in paddy fields were controlled mostly by manual weeding. In 
1991, onr survey disclosed that hand weeding was used in 40 to 50% of the area and often 
integrated with herbicides. In Iran 95% of fields are hand weeded cither alone or in combination 
with herbicide application (Izadyar 1994), while in Morocco rice fields hand weeding is the only 
method of weed control (Lakrind 1992). In IS to 20% and 25% rice area of Tmkey (Yildiz 
1994) and Iraq (Najjar 1994) respectively* hand weeding is used. In Sudan, die plication of 
herbicide is prefecred to hand weeding to avoid additional cost (Hamdoun and Babiker 1978). 

In Iran, control using herbiddes and hand weeding is pracdaed 1^ ftnncrs. Weeding is generally 
done twice by application of heiticide and by hand by women in Gilan province and by men in 

Mazandaran province (Izadyar 1 992). In transplanted rice in Iran, two hand weedings at 1 5 and 

25 days after transplanting, with 1 5 and 10 labourers respectively 'ha required (Moafizad et al. 
1977). In Egypt the first hand weeding is recommended at 20-25 days aiier ironsplaniing and 
the second hand weeding after two weeks, requiring on an average 50 and 30 labourers/ha 
reqwctively. 

In broadcast seeded rice in Egypt, three hand-wecdings are required, at two week intervals, 
starting from 20 days after sowing. The average labour requirement is between 100 to 150 
hour&ha. The labour requirement for hand weeding after herbicide application is about 40 to 
SO labour hours/ha. Five labour days/ha is recommended in Turkey (Yildiz 1994; Kadri 1994). 
In Morocco, 1000 labour hours are needed/ha for hand-weeding ^akrimi 1994). 

Herbicides 

Herbicides will continue to be a key ingredient in integrated weed control systems in rice, 
especially in direct seeded rice in Egypt, Sudan, Turkey and Iraq became no adeqinte siibflCitatiBS 
currently exist (Hassan and Rao 1994a; Hassan et al. 1991a, b; Babiker 1982; Kurcman 1985; 
Yildiz 1994). In most of the Near East countries, herbicides play an inqrartant role in rice 

production, hut they are not the sole method to combat weeds. They are most effective when 
used in combination with other control methods, especially water management (Hassan et al. 
1991b; Moussavi 1985; Abdullah et al. 1986) during the early stages of weed growth andor 
hand-weeding (Table 3). Use of more dian one herbicide gives more effective and longer lasting 
weed control with less or without additional h;uid w ceding (Kadri 1994; Hassan and Mahrous 
1989). Different herbicides are recommended for weed control in different countries for 
transplanted and broadcast seeded rice. 

In Egypt, since die 1980's herbicides have played a major role tn farmers' weed management 
sdiemes. In 1988, 860 tons if rice herbicides were imported and the area ti cated with herbicides 
increased in 1989 (Baial 1990). pie area treated with herbicides started to decrease from 1990 
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(55% in 1988) to about 20% in 1992. The cutting of a subsidy on herbicides is the only reason 

for this reduction. The common herbicides used by farmers in Hgypt are thiobencarb at 2.4 
kg/ha at 2-leaf stage in nursery and broadcast seeded rice and 3-4 days after transplanting in 
transplanted rice (Anon. 1993). However, experimental studies revealed that thiobeucai b is most 
effective at 3.6 kg/ha when applied in two applications of 1.8 kg/ha each at 4 days before 
seeding (DBS) and as early post emergence application in broadcast seeded rice (Table 4). 
Oxadiazon also was found effective when applied in two applications 0.24 to 0.3 kg^'ha at 4 DBS 
and 0.24 to 0.3 kg/ha 7-8 DAS. Bensulfuron-methyl at 0.4 kg/ha is effective against sedges and 
broadleaf weeds. Butachlor at 1.45 kg/lia is also effective in managing weeds in broadcast 
seeded rice (TaUe 4) and was accepted by fiunnen. In tianq[rfanted rio^ oxadiazon, 0.4S or 
butadilor,2.1 kgliaaretwoccinixionherinddesusedbyiiui^^ 

DAT. Early treatment is necessary to achieve satisfactory control of weeds. The combination 

treatment of thiobencarb + propanil, 2.4+1 .8-2.6 kg/ha or the application of pendimethalin, 2.0 
kg/ha applied as early pre-eniergence or early post-emergence plus hand weeding are 
recommended for drill seeded rice in Egypt. 

Seedlings of £(;/!ilnodk/oa species cannot be easily distinguished from rice seedlings in nurseries. 
Often Echinochlna species are unintentionally transplanted with rice seedlings they are 
morphologically similar. Transplanted Echinochloa species are highly competuive (Rao and 
Moody 1992) and are difficult to control manually (Rao and Moody 1987). Experiments at 
RRTC, Egypt indicated application of molinate, 6.0 k^lia at 3 DAT or fbnoxaprop-p-ethyl at 
0.063 kg^ applied at 7 to 12 DAT are effective in ooatrolUng tranq>Iaatod Ediinoc^a spedts 
(Hassan and Rao, onpabltshed). 

In Iran, about 90% of the rice area is treated with herbicides (Izadyar 1V94); the government 
subsidises 80% of the herbicide cost (Mirkamali 1994). About five herbicides are recommended 
in nursery seed-beds (Jafari and Moussavi 1993; Moussavi 1985) bat die commonly used 

herbicides are molinate at 3.5 to 4.5 kg/ha at 1 to 1 5 leaf stage of rice or soil incorporation, 3 
DBS. and propanil at 4.5 to 5 kg lia at 1 .5 to 2 leaf stage of E. cnis-galli. In transplanted rice, 
eight herbicides are recommended (Izndyar 1094; Mirkamali 19Q4: Fatemi !0')0; Moussavi cf 
al. 1989^. i lie coiiiiiion herbicide:, used by the tarmers in transplanted nee arc butachlor, 1.8 

to 2.4 kg/ha, oxadiazon, 0.36 to 0.48 kg/ha, all applied at 3-7 DAT and propanil, 5.4 kg/ha 
applied at 2-4 leaf stage off. cnts-gdli. 

In Iran, in a 3-year study at Esfahan, applications of thiobencarb at 3 kg/ha applied 3 days before 
sowing or post-emergence. Twenty five days al ter sowing (DAS), thiobencarb at the same rate 
+ 2,4-D at 1 kg/ha 25 DAS, thiobencari) + propanil at 3.5 + 4.2 kg/ha, resp., 15 DAS and 3.5 
kg/ha of molhiate 10 DAS + 1 kg/ha of 2,4-D 25 DAS were found to be effective in controlling 
E, crus-galli. Animannia multijlora Roxb., C. difformis, Cypems hn^ts L., Pofygomm 
persiatrta L. andAlisma lanceolata in direct-sown rice fields (FiUemi 1990). 

Several experiments ccmducted in direct-sown (pre-getminafed seed) fkKxted rice at Rasht, Iran 
revealed ^t propanil, unsuitable because of applicatioa problems and die persistence of 

Echinochloa crus-gaHi. was best applied in a mixture or followed by a residual soil-applied 
herbicide such as nmliiKite or thiobencarb (Moussavi et al. 1989). Molinate, 3.5-4.5 kg/ha 
incorporated pre-sowing or post-emergence at the 2-leaf-stage of E. crus-galli gave good weed 
control and crop tolerance was good, but it was essential that the fidd was kept flooded and that 
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Table 4. Weed dry weight, grain yield and marginal benefit cost ratio of broadcast seeded 
rice as affected by herbicide application four days before seeding. RRTC. 1991 and 1992 
(Hassan and Rao 1993b). 
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Witiun a column, means followed by a common letter are not significantly difTerent at tiie 5% 

lc\ el by Duncans Multiple Range Test. 

* Rate in Kg ai/ha is given in parentheses; DBS Days before seeding. PS= Pre seeding; EPOE= 
Farly post emergence application; f.b.= followed by; HW= Hand weeding. - = Herbicide rate 
not available. 

water remained undisturbed for 3-4 days. Thiobencarb applied 3-5 days befbre sowing or 

post-emergence at the 2-leaf-stage of E. cnts-galU was effective and the crop damage and stand 
reduction resulting was acceptable. It was necessary to apply 2,4-D, bentazcHie or 2,4-D + 

MCPA to control sedges. 

In baq, 75% of die direct seeded rice area is treated with herbicides (Najjar 1994; Abdullah ef 

al. 1986; Anon 1981). The government subsidises herbicides and the equipment. Propanil, 2.5 
kg/ha at 1-3 leaf stage of E. crus-galli and molinate at 4.3-5.8 kg/ha soil incorporated before 
planting are used widely by the farmers (Najjar 1994; Abdullah et ai 1986; Anon. 1981). 
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In the Sudan, herbicides are required to avoid Bilharzia infection. Oxadiazon at 0.5-0.9 kg/ha, 
3 days after seeding is promising against common weeds. Thiobencarb at 1 kg/ha propanil, 1.5 
kg/ha and bentazon, 1.2 kg/ha were used by farmers with follow-up hand-weeding (Babiker 
1982; Ghobrial 1981). 

In Turkey, about 80% of the broadcast seeded area is treated with herbicides. Propanil, 3.25- 
5.40 kg/ha at 2-3 leaf stage is applied in 40% of the area while molinate, 3.6 kg/lia as 
preplanting is applied in the rest (Nezihi 1994; Yildiz 1994; Hatice 1994). Thiobencarb, 
propanil + bentazon, propanil + oxadiazon, bentazon, MCPA, paraquat, propanil + molinate, 
propanil + quinciorac and bensulfuron methyl were also tested in Turkey and recommended. 

In Saudi Arabia, where transplanted rice is common, thiobencarb-CNP, 3.9 kg/ha was found to 
be best to control mixed weed populations (Chang et al. 1976). 

Application of herbicides. Herbicides must be properly placed in relation to the crops and 
weeds and be adequately and evenly distributed if they are to be effective weed control tools 
(Hassan e/ a/. 1990b). 

In drill seeded rice in Egypt, a helicopter-boom sprayer made accurate, uniform application 
giving excellent weed control and grain yield (Hassan et al. 1990b). Spray application of 
herbicides was better than their application in a gypsum carrier in transplanted rice (Ibrahim and 
Hassan 1986). The majority of the farmers in Egypt reported use of herbicides in nursery, 
broadcast seeded rice and transplanted rice with sand or soil carrier on to flood water (Hassan 
and Rao 1992). 

In Iran, herbicides are usually applied in transplanted rice by sprinkling them directly from the 
bottle on to the water, the resulting performance being equal to that obtained with a knapsack 
sprayer (Moussavi 1986). Application of undiluted herbicides into the flood water eliminates 
equipment such as the knapsack sprayer which requires large quantities of water; this reduces 
both manpower requirements and the cost of herbicide application. In Iraq, the government 
subsidises the herbicide application equipment. 

Allelopathy 

The allelopathic potentiality of different rice genotypes against E. aiLs-galli and C. difformis 
was observed both in the greenhouse and in the field (Hassan and Rao 1994a). The rice varieties 
IR 1 108-16-1. UPR 82-1-7, BALA and lET 1444 recorded 50 to 70% mean radial allelopathic 
activity against E. crus-galli. The allelopathic potentiality of rice should be exploited for use 
as a component of integrated weed management and potentially reducing the input of costly 
herbicides in the Near East. 

FUTURE WEED MANAGEMENT RESEARCH IN THE NEAR EAST 

Weed management research in rice in most of the countries in the Near East is in the budding 
stage. It needs to be strengthened to exploit the full potential of rice productivity in the region. 
Research should be accelerated on the evaluation of suitable integrated weed management 
practices that are consistent with other agronomic practices, as well as ways and means to 
enhance herbicide use efficiency to reduce the cost of weed control. Efforts must be increased 
to understand weed ecology in an effort to avoid undesirable shifts in weed populations as well 
as prevention of the development of new weed problems. Research efforts are to be intensified 
on development of mycoherbicides, identifying allelopathic rice cultivars and using those 
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innovative methods as components of integrated weed management in rice in the Near East. 
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WEED MANAGEMENT FOR RICE IN LATIN AMERICA 

AND THE CARIBBEAN 



WEED MANAGEMENT FOR RICE IN LATIN AMERICA 
AND THE CARIBBEAN 

A. J. Fischer and G. Antigua 

INTRODUCTION 

There is a wide yield gap in Latin America between the rice yields obtained by good farmers 
(which approach current rice yield potential) and the yields of not-so-good farmers (Ramirez et 
ai, 1994). Improving crop and weed management diould be the main objective in attempting 
to dose the current gap bet^^een potential and actual rice yields. Unless this is achieved, new 
super yielding plant types or rice hybrids will not be able to realize their potential. 

In this chapter damage caused by weeds in rice, their relationship with the different rice 
agroecosystems and die management imptications diat can be derived will be discussed. The last 
section deals wift a piototype approach to decision making for integrated weed management in 
rice under the assumption that weed management not only needs to be efficient and sustainable, 
but also affordable and profitable. 

RELEVANCE OF WEEDS IN SICE 

Woildwide rice yidd losses due to conq[>etitton for weeds escapmg control practices amount to 
46 million tons» or 10% of prodnction, eadi year (Ampong-Nyaiko and De Datta 1 99 1 ) . Besides 

differences among countries and cropping systems, these figures clearly indicate the need for 
more efficient weed control in rice. According to Gonzalez e! al. (1983), weeds are the most 
widespread and costly constraint for rice production in Latin American Countries (LAC J. 
Besides competition, weeds can also afibct rice quality and harvest. 

Increases in Production Costs 

In LAC. weed control in ncc represents 20% of production costs, about 442 and 284 million US 
dollars in irrigated and dr>'iand rice, respectively. Weed control (69 US dollars ha) together with 
fertilises and harvest operations are among ^e costiiest inputs. 

Hosts of Pests 

Weeds can be hosts of diverse rice pests. In Venezuela ( Paez et al. 1992) found that Leptochloa 
spp. can be host for Spodoptera Jmgiperda, while Luziota spp. can be host of Lissorhoptus sp., 
mi EcMioddoaa^na (L.) Link can cany tiie Hoja Blanca Virus, PyrtatlarUi oryzae Cavara 
and Tagosoda Therefore keqiing levees and bunds free of weeds is relevant for pest 
management 

Ease of Harvest and Grain Quality 

Weeds can cause rice to lodge (e.g. Sesbania exaltata (Raf.) Cory, Ludwigia spp., and 
Aesdtynomene spp.), or if still green at harvest tfiey will increase the humidity of rice grain (e.g. 
Ipomoea sp.). Ischaenmtn ni'.ii isum Salisb. and Or^za jw/jiw L. (red rice) are usual contaminants 

of rice seed. To eliminate the undesirable red pericarp of red rice seeds additional milling is 
required, which increases the proportion of broken grains, lowering the value of the product. 

Social Costs 

Small 6rmers spend a considerable amount of their time weeding. This not only implies a high 

human cost, but also limits the amount of land that they can farm. High labour costs have 
resulted in high herbicide usage, which poses risks to the environment and human health. 
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Infestations of red rice and RntthneUia cochinchinensis f I,our.) \V, Clayton in monociopped lioe 
fields can become unmanageable, often forcing fanners to abandon the tleids. 

Aquatic Weeds 

Aquatic weeds (e.g. Heteranthera limosa (Sw.) Willd., Eichhomia crassipes (Maithis) Solms- 
Laub.) arc troublesome in flooded rice, bloddiig drains and canals and causing water losses by 
tran^iration. 

Rke-Weed bterfercnce 

Interference refers to fbc ne^tive inieractions aatmg iriants in a cammDuity, involving 
oooqietitioii, allelopathy and parasitism. Understanding the factors regulating fice>weed 
oon^etitian is the key for developing true sustainable weed management alternatives. 

There are varietal differences in competitiveness among rice cultivars, tall and late-maturing 
varieties tolerate weed infestations belter tiian naodem eariy semidwarts ( Johnsrai and Jones 

1993; IRRI 1993). Even some varieties have shown allelopathic activity such as the inhibition 
of Heteranthera limosa by CICA 4 (Dilday et al. 1990). Weed interference is particularly 
serious in upland and lowland rain-fed crops, and whenever a permanent, uced-suppressive 
water tilm cannot be established in irrigated rice. When plants compete for the same limiting 
resources sudi as water, nutrients and Ught, time of occmrenceand dnraticHi of weed competition 
are critical aspects for weed management Weeds that emerge with the crop are most dff"flg''"g 
(Fischer e/ a/. 1993b), Inadequate water control or dryland conditions often Mow for successive 
flushes of weed emergence. Late-emerging weeds (30 or more days after emergence) face a 
considerably developed crop, often affecting only yields at relatively high infestations (Figure 
l);dierefote die need for external iipits to control lliem has to be careful However 
late-emerging weeds can affect ease of harvest, storage and qoaUty of the harvesiod gra^ 
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Figure 1 . Effect of weed densities on rice, when weeds emerged a) wMi the crop (earfy) or 
b) 30 days after (late). A. J. Fischer, 1994 (unpublished). 
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Increasing rice seeding density can be an effective way to suppress weeds, especially late- 
emerging ones (Figure 2). However, lodging and diseases can set limits to increasing rice 
populations. Rice is more competitive with an associated species when seeded at close spacing 
(Figure 3). 

When a weedy field is fertilised, weed growth is stimulated and the benefit of the added nutrient 
can disappear ( Ampong-Nyarko and De Datta 1991). Competition for light occurs in an 
ungated and well fertilised crop. Tall, leafy and droopy-leaved rice plants tend to be more 
competitive for light (Jennings and Herreta 1968). One of tiie reasons for RotAo^lla 
cochinchinaalt conqietitiveness is its rapid initial growth overtopping rioe. In iq^land and 
lowland rain-fed tiio^ coayedtion for water is usually a concern. Rice is most afifboted when 
the moisture stress occurs at or near flowering. Growth reduction and leaf rolling are symptoms 
of moisture stress. 

Deep rooted plants or diose with roots capable of growtti to search for moisture as the soil profile 

dries, should have a comparative advantage under water-limiting conditions. Such 

characteristics can he seen in some upland cultivars such as the Brazilian lAC !65 (Figure 4). 
Deep rooting was also stronger for the upland cultivar when yniwing under belnw-yround 
competition with Echinocliloa colona, when water was not limiting (Figure 5j. Under such 
condtions lAC 1 6S was more competitive than the irrigated cultivar (data not s^own). 

RICE AGROECO.SVSTEMS AND IMPI ICATIONS FOR WEED MANAGEMENT. 
Rice in LAC is grown in various ways and en\ ironments, thus weed problems and opportunities 
to manage them differ with each agroecosysteni. The most relevant variables are the availability 
and control of water, land levelling and preparation, as well as sowing method. 

Irrigated Rice 

In LAC 2.5 million hectares of rice are grown under irrigation, this amounts to 34% of the area 
seeded to rice, irrigated rice accounts for 60% of LAC rice production. In this system the use 
of weed control inputs can be very high. Four variations of the irrigated rice system will be 
discussed. 

Transplanted rice. This system is the least common in LAC, and is only found in certain areas 
of Peru (Pacific Coast), Ecuador, and Colombia. 

Twenty- to 30-day-old rioe seedlings are transplanted firom nurseries into puddled flooded soil. 
Puddling (land preparation and levelling in flooded conditions) is accomplished with di\ i sc 

inotorised or animal-drawn implements to achieve complete soil disaggregation, after which 
st>ils are levelled. Two to si.x rice seedlings are planted in hills 15 to 25 cm apart (Tascon 1985), 
closer planting improves rice competitiveness against weeds but lodging and pests can become 
a problem. Seeding in parallel rows facilitates mechanical weed control. 

Water-loving weeds tend to proliferate with a continuous rice monocrop. Some of the weeds 
that appear in this system are: Echinochlna cnis-<jalli fL i !* Beaiiv /T. colono. Cypenis 
dijjovmis L.. Cypents iria L., Fimbristylis spp, Hetci uiUhem iimosu. tieicianthera reniformis 
Vtxaz et Pav. and Umnocharis flava (L.) Buchonau. Weed control must start in the nurseries to 
avoid transplanting rice mimic weeds. Ckxsd water control maintains anaerobic conditions in the 
soil to inhibit growth of most non-aquatic weeds. Soil puddling uproots and buries existing 
vegetation and weed seeds, most buried weed seeds cannot germinate in anaerobiosis. 
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Figure 2. Rice yield as affected by increasing rice densities (expressed as rice foliar 
Uomatt), for a weed infestatioa of 10 to weed dry matter/O JSm*. 




Figure 3. Yields of upland rice intercropped with Brachiaria dictyoneuray at three row 
fpadDgs: 17, 34, and 51 cm. A. J. Fischer, 1992 (unpublished). 
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Puddling has been the key to suppress red rice infestations. Transplanted rice seedlings have a 
competitive advantage over the small emerging weeds, however, it is important to establish and 
maintain a permanent flood water film as soon as possible. The crop should grow weed-free for 
about six weeks after transplanting (Ampong-Nyarko and De Datta 1991). Herbicides are used 
in this system together with manual and mechanised (small equipment) weed removal. 

Direct seeding on saturated soil. This system is widely adopted in LAC, especially in southern 
Brazil, Chile, Venezuela, Cuba, some Caribbean countries and in some places of Colombia. The 
seedbed is prepared and levelled under wet (puddled) conditions. Good levelling is essential 
for water control. Rice seeds are pre-germinated and broadcast after draining the field, which 
avoids oxygen depletion in standing water due to the high summer temperatures, which can kill 
or greatly reduce rice seedlings' growth. Levelling is important for uniform flooding, and to 
minimise the area with puddles after draining. In the puddles, growth of rice seedlings will be 
hampered by anoxia and weeds will later proliferate until a permanent flood can be established. 
Moderate to high rice tillering ability is desirable to compensate for such stand reductions and 
often also high seeding rates (>150 kg/ha) are employed. In Chile and some areas of Brazil 
(State of Sta. Catarina), lower water temperatures allow the broadcast of pre-germinated seed 
into flooding water, this should reduce the risks of weeds emerging with the crop and save water, 
since draining after seeding is not necessary. However, genotypes capable of emerging through 
a water film under tropical temperatures exist (Yamaguchi et al. 1993) and are used in certain 
areas of Latin America, such as Surinam, indicating the potential for the introduction of such 
characteristics into modem varieties to lower weed control costs and reduce herbicide use. 

After the water is drained the rice seedlings anchor in the mud and grow in height. As they 
grow, flooding can be gradually restored (usually as from 20-30 days after emergence). This 
management allows for weed establishment and growth before a permanent flooding film of 
water can be established, and usually demands the use of herbicides. Good levelling and water 
control are key factors for weed management in this system, where some of the relevant weed 
species are: Heteranthera limosa, H. renifomiis. Limnocharis flava, Ludwigia spp., Oryza sativa 
(red rice), Echinuchloa colona, E. crus-galli. hchaemum nigosum. Cypenis iria, C. esculenttts 
L., C. difformis, Fimbristylis annua (L.) M. Vahl, F. littoralis Gaudich.. Luziola stihintegra, L. 
brasileana, Leptochloa spp., Eleocharis spp., Sagittaria giiayanensis H.B.K., Aeschynomene 
spp., Sesbania exaltata, Sphenoclea zeylanica Gaertner (Gonzalez et al. 1983; Paez et al. 1992; 
Arias etal. 1991; Herrera etal. 1991; Garcia et al. 1992). Aquatic and semi-aquatic weeds tend 
to prevail with continued rice monocrop under this system. Tables 1 and 2 present options for 
chemical control for this system in Brazil. Three aspects are relevant for weed management: a) 
puddling with the anaerobiosis that inhibits weed germination, b) growth advantage over weeds 
due to pre-germination, and c) flooding that prevents successive flushes of weed emergence 
during the season. Often, to avoid excessive weed growth before flooding, fertilising is delayed 
until effective flooding can be accomplished. If rice is continuously farmed under this system 
aquatic weeds can become a serious problem. In deep heavy soils, continuous puddling can 
result in problems at harvest time where heavy combines often sink. Alternate dry and wet 
seeding or, when feasible, rotations with upland crops is recommended. 

Direct seeding on a dr>' seedbed. This is the most popular system in LAC where there are two 
variants, a) one with good land levelling and flood irrigation, and b) another with contour bunds 
and poor or no land levelling, where irrigation flows in a succession of flushes from the higher 
elevations. This latter system, mostly seen in the high-yielding rice areas of Colombia, results 
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Tabic 2. Some herbicide treatmcntf snggestcd for irrigated rice direct seeded witii pi^^ 
germinated seed.' 



Common name of herbicide 


Rate 
(kc ai/ha) 


Time of application 


Propanil' 


2.2-3.6 


POST' 


Molinale 


3.0 


POST 


Oxadiazon 


0.55 


PRE 


Thiobencaib 


3.0-4.0 


PRE/POST 


Oxyfluoifen 


0.24 


PRH 


Bentazon 


0.7-1.0 


POST 


2,4-D amine 


0.36-1.0 


POST 




0.06-0.1 


POST 



' Adapted from: FPACiRI 1W2 

' Can be mixed with: inolinate, peuiiuncUialin, butachlor, ihiobencarb, and 2,4-D. 
' Abbicviauottst PRE, pn-enci^seiitj POST, post-emccgoM. 

from difficulties in levelling the sl(ip\' land (slopes>5%). Also, poor water availability often 
does not allow tor permanent tlu^ ^dini: c\ en if the land can be levelled. Thus irrigation is often 
intermitiently applied (Hush irrigation/, and the first flood is usually delayed (30-45 days after 
sowmg) until rice is tall enough to compensate fbr temdn tmevemiess. Rioe seed is broadcast 
or drilled into a dry seedbed. Broadcast seed is usually covered widi a radier heavy disc harrow 
which buries much of the seed too deeply. To compensate for the subsequent stand reduction 
and to minimise weed competition, farmers usually employ high sowing rates ( >150 kg>'ha). 
Drill sowing provides a more uniform stand and usually allows the use of less seed (EMBRAPA 
and CNPAF 1994). 

Sowing c» a dry seedbed he^ reduce water loving weed species' populations Hut develop after 

continuous rice monocrops on puddled sot! However, with dry sowing, weeds are a more 
serious problem than when pre-gemiinated seed is used, since there is no puddling (anaerobiosis) 
and rice has no growth advantage over the weeds (as is the case when pre-germinated seed is 
use^. IdeaUy^pernianent flooding should be established dxmt four wedcs after sowii^ With 
intermit-tentin^pttiQn ^Hxnr water control or availability) diis ts not possible, atxi several weed 
cohorts emerge to compete with the crop. Yield losses can be serious and have prompted 
farmers to spray herhieides up to four times during the season {Fischer and Ramirez 1993b). The 
repeated use of propanil in Colombia has resulted in the proliferation of Echinochha colona 
biotypes dud are reristant to dris herbicide, forcing farmers to use odier, more expensive 
herbicides (Fischer et al. 1993a). When irrigation flows ftom the }n0i fields, rice germination 
i.s ime\'en, and nutrients tend to accumulate in the low areas where weeds usually are more 
dev eloped. makin;_: timely and selecti\e herbicide applications over the whole area difficult. 
Weeds aie similar to those in the pre-germinated system although aquatics are not so important. 
Some of die spoda reported in diis system include: Chyza sativa (red pec)* EchinocMoa crus- 
galli. E. colona. Sesbania exahata. Paspalim spp.tDigttcaia sa^ftimilis (L.) Scop.. Rottboellia 
cochinchincnsis Elciisine indica (L.) Gaertner. Leptochloa spp., Phaseolus latyroidcs. 
Stcnotaphnim sccundatuin. Cypcnt.'i tntundus, C. iria. C. ferax. Fimhristvlis annua. Murdannia 
nudijlora, Lonwwiina dijju.su, Ipomucu spp., Eclipta alba and Cassia toia L. (Gonzalez et al. 
1983; Pdez et al. 1992; Arias et al. 1991; Herrera et al. 1991; Garcia et al. 1992). 
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Land levelling and water control allowing for permanent flooding are the pillars for weed control 
in irrigated rice. Crop rotations have been useful, especially with heavy red rice infestations 
which can be controlled selectively with herbicides in other dryland crops (sorghum, soybeans, 
cotton). However, it is not always possible to grow other crops in many of the low and poorly 
dndned rice fields, tfius diemical control pievails. Herbicide recommendatiaiis for weed control 
in direct-seeded rice in Brazil arc pi csented in Tables 3 and 4. Mechanical hoeing is popular in 
southern Brazil when rice is drilled in rows, manual roguing is often employed to remove mature 
red rice plants and panicles before they shatter seed. 

Reduced and no-till practices have become popular in tfie soudiem continent. In southeni Brazil, 
an annua] pasture is planted in autumn, providing forage during winter and suppressing weed 

growth. In spring the vegetation is desiccated with a herbidde, and rice is sown with a no-till 

planter. This system has been particularly successful to recover red rice-infested fields. No-till 
appears to work well in levelled fields, and can also include some light tillage (EPAGRl 1992). 

Rain-fed and Upland Rice 

In LAC 4.6 million ha of dryland rice are grown, 84% in Brazil and the rest is mostly in Central 
America, Colombia, Ecuador, and Venezuela. Rain-fed rice accounts for 40% of the rice 
produced in the region. Rain is the source of water, and since there is no puddling nor 
permanent flooding, weeds become a very serious problem. Weeds emerge with the crop and in 
sucoesrive flushes dioeafter. Since water is liimted, plants should coiiq)ele for water eariitf 
in irrigated systems, also initial rice growth is dower than when |we-geiminated seed is used. 
Dryland rice is found in the acid, low-fertil^ wdl-drained soils of the savannas, as well as in the 
tloml-prone lowlands of Central .'\merica and Brazil. Water availability varies from areas with 
abundant rainfall to areas where rainfall is erratic, resulting in periods of moistiire sti-ess or 
drought. Two variants of this system can be distinguished. 

Lowland rain-fed rice. This system is very common in Central America, and no bunds are used. 

At the onset of rains rice seed is drilled or broadcast on a dry seedbed. Sowing densities exceed 
100 kglia to withstand weed compcmion and to compensate for stand losses due to uneven seed 
coverage. Later, in low areas, the water table will be close to rice roots or even flooding of 
variable duraticMi may occur. 

Some representative weeds of this system are: Echinochloa crus-galli. Ischaemum nigosiim. 
Leptochloa spp., Cypents (liffoimis, and Fimhristylis spp (Gonzalez et al. 1 983 ; Paez ef a!. 1 992; 
Al ias et al. 1 99 1 ; Herrera et al. 1 99 1 ; Garcia et al. 1 992). Red rice is a weed of dryland rice in 
seven countries (Gonzalez et al. 1983). Where fields become frequently waterlogged or flooded, 
water-loving species may prevail. Conq>etition usually starts eariy in the season, thus weed 
control generally involves pre-emergent herbicides. Such herbicides should be applied on moist 
soil or under the cenainty of iinmediate rain, otherwise weed control becomes erratic. One 
weeding operation or herbicide application will hardly be enough given the successive flushes 
of weed emergence that usually occur. Rice cultivars for this system should be competitive and 
deep rooted to withstand periods of moisture stress. Crop rotations can be useful to manage 
weeds (red rice), thdr use will depend on soil drainage. 

Upland rice. This is grown usually on niodcratch to well drained soils, with variable fertility 
and relatively low cation exchange capacity. Rainfall is more or less erratic to abundant, as in 
the favourable upland savannas of Colombia, Venezuela, and CSuyana. Soil acidity, witfi 
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Tal)le 4. Some herbicide treatments suggested for broadcast or drill*seeded irrigated rice 
sown on a dry seedbed.' 



C utnmon name of herbicide 


Rate 
(ki' ai/ha) 


lime ut application 


Propanil" 


3.0-5.0 


POST- 


Molinate 


4.0 


PPI/POST 


Qninclocac 


0J8 


POST 


Pendimedialm 


1.3-1.8 


PRE 


Butachlor 


2.4-3.6 


PRE 


Oxadiazon 


0.75-1.25 


PRE/POST (early) 


Thiobencarb 


3.0-4.0 


PRE/POST 


Oxyfluorfen 


0.24 


PRE 


Bentazon 


0.7-1.0 


POST 


2,4-D amine 


0.36-0.5 


POST 


2,4- D ester 


0.24-0.5 


POST 


FenoxaproD-ethvl 


0.10-0.20 


POST 



' Adapted iVom: liPACiRI 1992. 

' Can be mixed with molinale, pendimcUudin, butacblur aiid 2,4-D. 

' Abbreviations: PRE, pie-cmcigciit; POST, post-emergent; PPI, prc-plant incorporated. 

high aluminium saturation and deficiencies of iron, zinc, calcium and magnestum frequently 
occurs. Phosphorus is usually deficient in oxisoils and ultisoiis and potassium may be scarce in 
coarse-textured soils exposed to abundant rain. Thus rice germplasm adapted to this particular 
environment is requued. This system can be present under diverse management conditions, 
firom itinorant slash and burn farmers on the forest margins to the large, mechanised, farms of 
flie cerrados and the sa\ annas. Tillage is essential to reduce weed pressure before seeding, witfi 
regular rainfall the stale seedbed may be a useful technique: rice seed is mostly drilled. Given 
the moisture limitation, rows can be spaced up to .^0 cm and sowing rates are lower (about 70 
to 80 kg/lia) than with irrigated rice. Seeding densities tend to be increased when rice is 
broadcast Cultivars required for tills system have to be coii^)etitive, deep-rooted, intormediate 
hetg^ and tiltering and eventually be tolerant to diseases and soil acidity. 

Weeds after the second or third year of monocropped rice are the most serious problem of 
upland rice. Competition starts early in the season given that water and soil resources are 
limited. Weeds emerge widi the crop and continue to emerge during tlie growing season until 
rice canopies completely shade the ground. C-4 weeds such as Echinochloa spp. should have 
advantage over rice ( C-3 ) in this hot environment where moisture stress can occur. Some of the 
more eommon weed species are; Echinochloa spp., RoTthoellia cochirichinensis, Ischaemum 
rugosiwi, Digiiuria sanguinalis, Leptochlua spp., Cypems romnUus L., C. iria, Cypemsjerox 
Rich., Ipomoea sp. mAAmanuUhus spp. (Gonzilez et al. 1983; Pdez et at. 1992; Arias et al. 
1991; Herrera cr a/. 1991; Garda et al. 1 992). Tillage prior to seeding is important to reduce 
early weed pressure, and an even stand will allow for uniform ground shadini: tn inhibit weed 
growth. The crop needs to be weeded from emergence until rice canopies completely cover the 
ground. Mechanical weeding is possible if rice has been seeded in rows. Rotations with other 
crops (sorghun, pastures, soybeans, beans, and cran) are usually possible and recommended 
(fhou^ adapted cultivars are required for areas widi acid soils) not only to reduce weed 
populations, but also for the conservation of die resource base. Chemical control is also an 
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option. In Brazil, in the states of Goiania, Rondonia, Mate Grosso and Maranhao, tihe following 
species are common weeds of upland rice: Acanthomennum sp., Agerahtm conyzoides L., 
Aniaranthus sp., Bidens pilosa L., Cassia tora. Ipomoea sp., Sida sp., Cypents sp. and grasses 
such as Cenchrus echuinatus L., Digitaria sp., Eleusine indica and Brachiaria plantaginea 
(Link) (fitclic. (EMBRAPA-CNPAF 1994). Herbicides Fecommended for such weeds appear in 
Table 5. Ottier chemical options available include bentazon post-emergent for broadleaf weeds, 
p\Tazosulfuron-ethyI appears promisin;:' against sedges, oxyfluorfen and butachlor can be used 
pre-emergent against broadIe;if weeiis and grasses (some injury to rice can appear with 
oxyfluorfen). Weed managemeni alternatives still need to be developed lor the rice-pasture 
interottpping system in the cerrados and die savannas. 



Table 5. Herbicides for weed control in upland rice in Brazil^ 



Common name of herbicide 


Rate 
(l£gai/ha) 


Tine of aiipltenliini' 


Pendimedialin 


1.25-1.5 


PRE 


Oxadiazon 


0.75-1.0 


PRE 


Bifenox 


10.0 


PRE 


Propanil 


3.6^.3 


POST 


Thiobencaib + propanil 


3.2+1.6 


POST 


l>mnaniH-2.4-D 


3.8 + 0.72 


POST 



Adapted from: L.F. Stone. 1994. 

PRE" pw-enwcgent, POST= post-emagieni 



RED RK E 

Red rice is a serious weed where rice is grown (Baker and Sonnier 1983J, particularly in the 
irrigated, direct-seeded areas of the Americas (Gonzalez 1985; Smith 1991; Antigua 1985). 
Theie is some confosicm in the taxoncmiy of diis weed, for some audioes it is (^yza x^iw L., 

while others consider it to be O. nifipogon Griff O. punctata Kutschy ex Stend, O. harthii Chev. 
or O. kmgistaminata Chev, Roehr. (Tateoka 1963; Parker and Dean 1976; Wirjahardja et al. 
1983; Baker and Sonnier 1983). As many as seven Otyza species have been listed as weeds 
(Hohneia/. 1979). 

Red rice is a common contaminant of rice seed. Its common name results from the red aleurone 
pericarp which is undesirable commercially The colour of the pericarp is controlled by one pair 
of genes, with red being dominant (Grist 1 9*^ 5 ) however, other complementary genes may be 
mvolved (Gonzalez 1985). The mtense milluig rcquhed to remove its pigmented alenrone layer 
(bran) leadts m a high propoctiao of broken grains which lowers head rice yidds (Smitfa 1992; 
Oomsales 1985). Besides its effects on grain quality, red rice can be a very competitive weed 
since it is usually taller and more tillered than rice (although considerable morphological 
variability exists). According to Baker and Sonnier (1983) the value of yield losses caused by 
red rice competition far outweigh the value of quality losses. Other weedy features are its early 
maturity, shattering bef<xe rice harvest and prolongsd doimancy, which ensures reinfestations. 
Red rice is a common contaminant of rice seed and its morpho-physiological similarity to rice 
makes its selective removal with herbicides almost impossible. According to Smith ( 1988), 3 
to 19 red rice plants per m^ resulted in 10 to 50% rice yield reductions, respectively. Late 
cultivars, such as Mars, were more con^etitive against red rice than earlier ernes like Lebonnet 
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(Diarra ct a!. 19S5). and taller varieties (Lcbonnci) were more competitive than modem 
semidwarfs (Kawano et al. 1974; Smith 1992). In southern Brazil. De Souza ( l^-lS'^ i found that 
approximately 60 red rice plants per reduced rice yields by about 50%. In Cuba, nee yields 
can be reduced by 90% with red rice populations with 286 panicles/m^. In Colombia, season- 
long interference by 5 to 20 red rice plants per m? lowered rice yields by about 40 to 60%, while 
24 plants per m^ competing only during the first 40 days of the growing season teduced yields 
by 50" i. ( Fischer and Ramirez 1993a). Diverse red rice morphologies as a result of cross 
fertilisation have been found ( Montealeure and Vargas 1992). Cross fertilisation can even occur 
with cultivated rice (Perez ei al. 1973; Galii 1992). Morphological diversity of red ncc has been 
associated with difTeraices in competitiveness (Fisdier and Ramiiez 1993a). Thus, sudi 
polymoiphisni in red rice populaiions (Galli 1992) complicates the prediction of rice yield losses 
resulting fiom red rice comp^tion. 

There are diverse strategies for red rice control available in LAC, which reflect the diversity of 
rice agroecosystems and socioeconomic conditions in the continent. To avoid herbicide abuse, 
it is of utmost impoftance that preventive measures be taken. The most relevant of which is the 
use of red-rioe-fieeseed. bimiMt countries some red rice contamination is allowed in certified 
seed, this ensures the permanent reinfestation of rice fields. There is often a lack of financial 
incentive for farmers to use certified seed, resulting in interchange of contaminated seed with 
other farmers, or returning (contaminated) seed tVom one year to the next. Machinery and 
equipment should be cleaned when moving out of infested fields and irrigation water coming 
from mfested fields should not be used. In addittcm, cmnmercial aeroplane sowing should not 
be closer Aan 200 m from fields intended for quality seed production. 

Among cultural practices, tillage should be used to encourage the emergence of red rice 
seedlings for their eliminaticni. However, tillage should be dudlow so as not to store tfiis long- 
dormancy-prone seed m the soil. In some cas^delaymg the first tillage after harvest leaves red 
rice seed exposed to temperalure extremes and to the action of birds and mice. Anaerobiosis by 
flooding prevents red rice germination. Puddling and transplanting into flooded fields has been 
a ver\' successful practice, which has allowed many severely infested helds where rice could no 
longer be grown to return to use. A successful approach in direct-seeded rice has been to prepare 
and flood tfie soil and tfien, after seeding, leave a very thm fihn of water just enough to maintain 
anaerobiosis in the soil. Thai as tiie rice seedlings grow, flooding is resumed gradually. 
Armenia and Coulombe (1993) report good red rice suppression when the fields were left 
flooded after puddling for 20 days, then drained and seeded to finally resume gradual flooding 
5 to 10 days after seeding. For such techniques to be effective good land levelling and water 
control are required. Sowing rice through the wator of flooded fidds prevents red rice 
infestation, however it can reduce rice stands significantly (Baker et al. 1986). Oermplasm 
suitable for direct sowing under flooded conditions has been reported by Yamaguchi et al. 
(1993): research on this topic is also being conducted in LAC. Increased rice densities and pre- 
germinated seed have improved the ability of rice to compete with this weed (Sonnier 1978). 
However, continued nee monocroppiiig will inevuabiy lead to red ncc infestation (Smith 1992). 
Rotation wifli other crops besides modifying the habitat, allows for the use of herbicides that 
cannot be employed sdectively in rice. Qrop rotations have been successful, but lower market 
prices for alternative crops and drainage problems ("Galli 1992) usually discourage farmers from 
this practice. In Kio Grande do Sul, Brazil, a successful practice has been developed ( EPAGRI 
1992) whereby an annual pasture (usually Lolium imdtijUmim Lam.) is grown tor cattle grazing 
during winter and to prevent red rice tnm establishing in the early spring. Shortly before 
plantiiig, tihe Lolhm sward is killed with a non selective herbicide application and rice is then 
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direct seeded in the sod. 



When rice is seeded in rows, red rice plains can be easily distinguished and removed by hand 
or medianical means. Odierwise, hand weeding must be delayed until about 30 to 60 days after 
rice ctncrgcncc before red rice plants beootne sufficiently taller and distmgoisfaable from rice. 
Reinfestations are prevented in Colombia ( Valle del Cauca) to a certain extent by hand pulling 
immature red rice panicles or cutting with machete However the cut plants can still produce 
new shoots and more seedheads. Mechanical cultivation cmd hoeing can be useful in row-seeded 
crops. Armenia and Coulombe (1993 J reported a 40% red rice reduction using a manual rotary 
hoe 23 days after sowing rice. Eliminating red rice seeds in die milling process is tedioiii and 
leads to rice losses. However, some iniUen in soudiem Brazil otiUselarg^ 
units that can LvU^rimctrically detect the darker red rice seeds and blow diem awi^ fh>m the 
commercial seed with a jet of air; certainly an wpensive operation. 

In terms of chemical control, the stale seedbed is one of the more widely adopted practices in 
irrigated rice whereby red rice is encouraged to germinate by flushes of irrigation or for 12 or 

15 days, and then when it reaches a state of development between seedling and tillering is 
sprayed with glyphosate or oxyfluorfen; finally rice is seeded with pre-germinated or dry seed 
(Montealegre and Vargas 1 ^^92). Seventy percent of the red-rice-infested area in Colombia is 
treated in this way (Montealegre and Vargas 1992). The use of rope-wick applicators is 
becoming popular for treating of weed patches. Wicks soaked with a glyphosate solution 
"oomb" die red rice plants whoa diese become taller than rice. This principle has also been 
utilised in Cuba for hand roguing. The use of molihate as a pre>plant incorporated application 
has been an effective alternative. Biotechnological techniques have allowed for the 
transformation of rice plants with genes for resistance to certaui non-selective herbicides that 
could control red rice (Linsccxnbe et al. 1994). In Cuba, hybridisation programs have attempted 
to introduce in resistance to glyphosate rice and to die grass heibici<te alachlor. However, the 
success of diese techniques is in jeopardy since such resistance to specific herbicides can also 
be present in certain red rice genotypes (Noldin et ai. IS^), or can be transferred to rice by 
natural crossing (Galii 1992). 

Economic analyses using competition data demonstrated diat in Colombia, chemical red rioe 

control still tended to be cheaper than alternatives, such as hand weeding (Fisdier and Ramirez 
1993a). This suggests that in a continuous rice monocrop, if red rice management is restricted 
to field control measures (as opposed to an integration with preventive measures or rotations), 
dependence on herbicides use may be continued. 

INTEGRATION OF ALTERNATIVES FOR WEED BfANAGEMENT 

Integrated weed management (IWM) implies the combination of vegetation management 
strategies, so that losses caused by weeds can be minimised economically and any negative 
environmental effects are minimised. The concept of diversification is implied; we have 
mentioned briefly how die rq)eateduse of the same weed control method was, in the long term, 
not sustainable. In some areas of Colombia, die misuse of herbicides, sudi as die rqieated use 
of propanil on the same rice fields, caused a buildup of resistance to diis herbicide in populations 
of Echinochloa colona (Fischer et al. 1993a) or E. cnis-gaUi (Carey et al. 1992). Also, the 
continuous use of puddling and flood irrigation usually leads to weed population shifts where 
aquatic weeds become a problem, requiring a change in weed control methods. The continuous 
irrigated rice monocrop has lead to widespread infestations of red rice fhrouj^out liie contment 
Severely infested fields often become unsuitable for rioe production and are abandoned. 
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Alternatively, diversification througli crop rotviiions, besides helping to manage weeds, is usually 
associated with soil conservation, nutrient cycling, and pest management. Thus diversification 
and integration of crop and weed management alternatives, relate to the sustainability of a 
cropping system. 

Defining economic criteria for selecting and integrating crop and weed management options in 
IWM programs is fundamental for the adoption and implementation of such programs. 
Awareness of the risk of yield losses by weed competition is typically inaccurate among farmers; 
after all, fanneis do not have weed-free chedos in their fields. The basic concept is that when 
a farmer can predict how much taanuy hp will lose from a given weed infestatimi, he will dien 
be able to decide how much he can afibid to speod in controlling Uiose weeds. 

To achieve the above-mentioned economic risk awareness at farmer level, a two step approach 
is proposed: 

1) Studies to predict losses by weed competition (just for simplicity we will consider here 
only yield losses, but other kinds of crop losses may eventually have to be considered 
also). 

2) Estimation of gross margins (value of the benefit to be obtained) minus die cost of 
management strat^y. 

We will discuss here two examples to illustrate how competition studies can be used to estimate 
yield losses to weeds and to assist in the selection of weed management alternatives. The first 
example is on red rice as a weed of flush (intermittent) irrigated rice in the Caiica Valley of 
Colombia, near the International Center for Tropical Agricuitore (CIAT). 

The relative benefit of controlling red rice in the field depends on two main aspects, a) the 
density of the weed (plants or stems per m~), and bj the time of red rice removal (duration of the 
competitioa). From fidd eoqseriments, a fmction relating rice yield loss to red rice density and 
to tile duration ofred rice competition was obtained (Figure 6). Using the modd in that figure, 
rice yidd losses could be predicted and the gross margins of two managem en t strategies, namely 
pre-emercent chemical control (for which a red rice density has to be anticipated before it 
emerges) and post-emergent hand removal 35 days after rice emergence, were estimated. In this 
specific example, chemical control was the most profitable alternative. In the same way, other 
aJtenuitives can be proposed and selected for integration in a management program. 

In some of the high-yicldiiig rice producing areas of Colombia, fields cannot be permanently 
flooded due to poor water control and slopy topography. Under such conditions, well irrigated 
weeds can emerge in successive llushes during the growing season and force fanners to spray 
herbicides duee to fbur times per season. The cost of weed control is thus very high and the 
environmental implications may be considerable given the continuous flow of irrigation water 
through the rice fields, The repeated use of propanil in this system has led to the buildup of 
propanil-resisiant biotypcs of Echinnchlna cninna (Fischer et al. 1 993a) At this point it is clear 
that farmers in this system need clear criteria or decision rules tor scleciing weed management 
options to integrate in a program seddng lower costs and rational heri>idde use. Such dedsion 
rules can be derived fiom competition studies to predict yield losses caused by weed infisstations 
consisting of mixtures of diverse species which appear at different densities. As we stated 
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Figure 6. Rice yidd Ioimi when lice grew for dUfcrent periods widi a mge of red rko 
iOiymMlm) dmOOm; where: YW loes (%) - l<M.73iDENSnY40.082XDENS]Ty- 

16.66XLN(PERIOD+l), R'=0.86, P < 0.0009. 

Adapted from Fischer, A. 1991. Manejo integrado de maiezas: implicaciones ambientales, 
predicdon de perdidas, egronomia y plagas. pp. 9-22 in J.L. Armenta Soto and M, Castillo, 
edi. Mcso Redonda s«»bre Proteechni VegetaL Red de M^omiieiitii do Amn pom d 
Caribe. Santa Clara, Cnba. 

before, if the economic losses can be predicted, then there is a basis to decide how much can be 
spent to avoid such losses. A basis for choosing among different alternatives for weed 
management can be the use of gross margins estimated using yield loss-weed density 
relationflliips. Coiiq>etition studies widi nnilti-spedes weed infisstatioiis were conducted at 

CIAT, and to derive a predictive model relating yield losses to levels of weed infestation, the 
approach of VVilkerson etal. (1991) was followed. We worked with natural infestations of four 
weed species, and each weed grew independently (unwanted species were hand removed) at a 
range of densities (plants/m^ with rice, llius four density series were obtained. Linearising the 
yidd loss idatiaaships, fbur linear rpgresdons were obtiiined (Fignre 7a). For eadi spedes the 
slope (n^ression oo^cient) of die legression estimated the competitiveness of each species 
with rice. Tf each species' density was weighted by the value of its slope divided by the value 
of the largest slope (that of the most competitive species), all densities could be expressed in 
relative terms, or as equivalent doisities with respect to the most competitive weed species. For 
a given weed infiBststton in die fidd, dw addition of die respective equivdent dendties for dl 
species present would rqjresent the totd weed density (expressed in relative or equivdent tenns) 
that the crop has to compete with. Thus if the yield loss relationships were expressed in terms 
of the total equivalent density, a single function would result (Figure 7b). A more accurate 
procediu"e, if software for non-linear regression is available, would be to fit a more biologically 
inteqwedve modd to die data, such as die rectangular hypeibola proposed by Cousens (1986). 
Even TOOK daborate analyses also account for weed-weed interftrence in estimating relative 
competitiveness (Stinton etal. 1994). Such functions allow prediction of rice yield losses from 
mixed-species weed infestations and to estimate the gross margins of different weed 
management alternatives. Table 6 illustrates how this approach can be used to select weed 
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control options. Tn this example, the use of herbicides was economically justified (gross marge 
>0) for weed infestations higher than 1? equivalent plants nr (which in this case was equal to 
13 plants of EchinochJoa colonaJm'), whereas hand weeding was economic at somewhat higher 
4ensitiet of weed infestation. 

When yield loss predictions are used to derive economic thresholds to decide whether to apply 

control or not, a word of caution is necessary. If the gross margin of a certain strategy is 
negative, the most economic alternative may be not to control weeds at all. In this case the 
weeds that are allowed to stay in the field will produce seed that will enrich die soil seed bank. 
Afker some time of following this approach, die weed populations in that field may have 
increased as a result of such replenishment of the weed seed reservoir in the soil. Thus future 
weed control costs would be increased. If such problems can be predicted, the economic 
thresholds may have to be lowered accordingly (i.e. control weeds at densities lower than the 
threshold). Such adjustment is achieved by conducting economic analysis on a range of possible 
thresholds. 
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Figure 7. a) Relative competitiveness of four annual weeds with rice, b) Predictable rice 
yields losses resulting from the total competitive load imposed by these four weeds, 
growing at various densities in mixed stands with rice. Modified from Fischer, A. J. 1992. 
CEIBA 33(1): 272-289. 
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Table 6. C^ost/benent analysis usinj^ a crop loss functioii deiived from competition Studies* 
and two weed management alternatives. 





Herbicide 


Handweeding 


Total (xnnpetitive load (plants/in^ 


13 


19.2 


Predicted yield loss' (Kg/ha) 


214 


300 


Gross margin ($US)* 


0 


0 



' FramteeqDaliim:LNOO-4.64).O026X,R'=°O.47,p<Oj0Ol. whae Y ^yiddloas as pooeot of weed-fiee yields 
(cstiRttled «t 5(S00 l^/haX and X - total Goa^ietilh« 1^ 

' Is ^ value of die iMieiriial kisaes ininns the cost of we^ 
63SUS/ba finr mnoviog weeds by hand, and aprice of O^ISUS per kg of lioe). 



CONCLUSIONS 

Weed managemeiit in Latin Americaii rioe is stroQ^y influaiced by the agroecosystem in wbidi 
itisgrown. Facloisafiectiiig weed iidissiaticns are sowing ii^^ 
control of water. 

Irrigated rice (60% of LAC production) tends to be monocropped on the basis of favourable 
prices and the difficulty to turn waterlogged fidds into dryland production for other crops. Two 
consequences of this practice have been tiie widespread infestation of red rice tiirou^out Hie 
continent and die appearance of resistanoe to propanil in E. cohna populations. 

Weeds are one of the main con-straints for rice production as a resuU of either upland conditions 
(40% of LAC production), or direct seeding of imgated rice with suboptimal water control and 
land levelling. The lack of puddling and/or a permanent flood results in much heavier weed 
infestations when irrigated rice is direct seeded, rather than grown under transplant. Almost all 
irrigated rice is direct-seeded in LAC; this is one of the main differences with rice in Asia, where 
it is still mostly grown under transplant. Therefore, herbicide use in LAC is very intense and 
rice sowing rates are high to reduce weed competition. Weed control relies heavily on herbicides 
and represents one of fhe costliest inputs for rioe production. Gearly, an integrated approach 
to weed management is needed to reduce weed control costs, rationalise heiliicide use and 
provide ^ective and envkonmentally compatible weed control. 

Efforts need to be strengthened in making available weed-free rice seed to farmers, with 
economic incentives to uae it In die case of noxious weeds audi as red rice, certified seed 
should be 100% ftee. 
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W££D MANAGEMENT IN R1C£ IN AFRICA 



Kwesi Ampong-Nyarko 

INTRODUCTION 

Rice is a strnteyic ct^mpcment of food security and a crucial element in the stapile food economies 
of several African countries (Kaung Zan et al. 198 51 To the observ er f amiliar with Asian rice 
culture, the most notable charactenstics of rice growing m Afnca are its apparent newness and 
its primitive stale. But in the time since chemical fertilise and iirigation ^tems were first 
introduced, intensive rice growing has gained a foothcdd in Africa (Moonnann and Juo 1986). 
The use of improved methods of land preparation that include levelling, bunding and irrigation 
has proved profitable and will expand The main biological constraints limiting rice production 
in Africa include lack of high yielding improved varieties, diseases, insects pests and weeds. The 
inqxnrtant rice ecologies m Africa are upland, lowland rain-fed, deep water and irrigated 
ecologies. N^'or rice produoen of rice in Africa aie Madagascar, Nigeria, Guinea, Egypt, Ivory 
Coast, Sierra Leone, Zair^ Tanzania and Liberia. 

UPLAND RICE 

There are about 2.2 million ha of upland rice m Africa (IRRi 1988) which constitutes 49.8% of 
the total rice land. Upland rice is generaUy grown in tiie humid forest ame, where it is 
intercropped with other food crops (IITA 1984). 

Weed problems 

Weeds rank second to drought stress in reducing upland rice grain yields and quality. Yield 
losses caused by uncontrolled weeds in inland rice could lead to total &op loss (Akotmndu and 
Fagade 1978; Ampong-Nyarico and De Datta 1991). Weed infestation of n^ly cleared forest 
land is knowTi to be low compared to that of land diat has been under cultivation for several 

years (Merlier 1973; Moody 1973). But savanna regions and short-term fallows in forest zones 
are characterised by heavy weed infestations that increase risk and labour requirements to 
uneconomic levels (Akobundu and Fagade 1978; Gates 1969). In Madagascar weeds are ranked 
as one of tiie main causes of low and declining yields in tqpland rice (FUjisaka et ai. 1990). 

Weed competition is more intense in upland rice than in irrigated rice because upland fields do 
not have standing water to suppress weed growth. Poor rice germination due to drought results 
in excessive weed growth, especially if semi dwart varieties are used (Ampong-Nyarko and De 
Datta 1991). Common upland rice weeds in Africa indude lUOAoelUa cochinchinensis (Lour.) 
W.D. Clayton, Qmodon dac^^ (L.) Pen., Imparata cylindrica (L.) Raeuschel, Eleusine 
indica (L.) Gaertn., Digitaria sangiiinaH^ (L.) Scop., Amaranthus spinosus L.. Trhinthema 
portttlacasUvm 1.., and As^eninim amvzoides L. Shiga spp. are obligate hemi-root parasites of 
upland rice and other cereals in the sahelian and savanna zones of Africa and this is a major 
constraint to the production of rice and other cereals. 

Control Methods 

Land preparation. Land preparation for upland rice varies greatly among regions. In west 
Africa, where shifting cultivation is common, slash and bum is practised with hand tools. Deep 
ploughing moist soil at flie end of llie rainy season is recommended for upland rice grown in the 
West African savannas (FAO 1976). Deep ploughing will bury weed seeds deq> enough to 
prevent them from emerging. The stale seed bed technique can be used to reduce weed problems 
in upland rice. This technique involves the removal of successive weed flushes before .planting, 
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by chemical mechanical or manual methods (Moody 1994). Zero tillage can be used to establish 
an upland rice crop where no difficult-to-control perennial weeds are found in the fallow 
vegetation or when appropriate herbicides such as glyphosate are available. 

Planting methods. Broadcasting, dibbling or hilling are the common seeding practices for 
upland rice in Africa. Row drilling or dibbling in rows makes weeding and other management 
practices easier than in broadcast systems (Ampong-Nyarko and De Datta 1991). 

Plant population. A high plant density is important for upland rice to quickly develop a canopy 
that will suppress weed growlh. Poor stand establishment is a major concern in upland rice in 
Africa. In the Ivory Coast closer spacing produced rapid growth (Chabalier and Posner 1978). 
However under poor moisture supply, a lower seed rate is desirable. 

Hand-weeding. Hand-weeding is common in Africa and although effective, it is tedious and 
best adapted to small holdings ( Aryeetey 1970). The weed-free period required by upland rice 
is from 10 to 60 days after seeding (Ampong-Nyarko and De Datta 1991). Two or three well- 
timed weedings are enough to meet the weed-free requirement. The use of the hoe is faster but 
requires line sowing. Improved mechanical methods such as push-type and motorised weeders 
though not a common feature of upland rice in Africa, can be as effective as hand weeding in 
row-seeded crops. 

Herbicides. Herbicide use in upland rice is feasible and effective under certain conditions such 
as large farms and where rice is broadcast seeded in Africa. The persi.stcnce of many pre- 
emergence herbicides is so short that they cannot control successive flushes of weed seedlings 
in upland rice (Ampong-Nyarko and De Datta 1991 ). This makes follow-up hand-weeding or 
application of post-emergence herbicides necessary. Common herbicides such as butachlor, 
oxadiazon, dinitramine, pendimethalin, flourodifen, propanil and MCPA have widely been tested 
for weed control in upland rice. 

Striga in upland rice. Rice has high yield potential in the savanna zones of Africa when grown 
either as an upland crop or in valleys where its cultivation is expanding rapidly. The obligate 
hemi-root parasite Striga sp. is one of the main constraints limiting cereal production in this 
zone. Rice plants infested with Stt'iga hermonthka displayed the classical symptoms of stunting 
and failure of panicle formation. Methods of controlling Striga in rice include the use of 
resistant varieties and cultural practices such as crop rotation, fertilisation and hand weeding. 

The use of resistant varieties is the primary control measure for small farmers but it must be 
supported by good cultural practices (Dogget 1984). Tolerant rice genotypes to Striga have been 
identified at the ICIPE (Harahap et al. 1993). Genotypes confirmed resistant to Striga include 
IR 49255-B-B-5-2, IR 38547-B-B-B-7-2-2, IR 47255-B-B-5-4 and Ble Chai. 

Nitrogen fertiliser tends to reduce Striga infestation by reducing stimulant exudation of the crop 
as well as slowing Striga development and increasing tolerance (Parker 1984). Combating 
Striga with farmyard manure is valuable, but some added nitrogenous fertiliser will prove 
worthwhile (Dogget 1984). Weeding out Striga plants is beneficial as it will help prevent about 
20% yield loss that occurs after Striga emergence above ground and also prevents flowering of 
Striga plants. Hand pulling and hoe-weeding are the most common practices used by the small- 
scale farmers (Ampong-Nyarko 1994). Using trap crops that induce the germination of Striga 
seeds in rotation or as an intercrop with a susceptible crop has been reported to reduce Striga 
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infestation ( Paikinson efo/. 1986). Such trap crops include cotton* bambara, groundnut, cowpea 
and soybean. 

RAIN-FED LOWLAND RICE 

Rain-fed low-land rice also called wetland rice or hydromorphic rice, accounts for about 30% 
of the rice land in Africa f IRRI 1981 ). In West Africa rain-fed lowland rice is commonly grown 
in inland valleys throughout the region, particularly in Sierra Leone, Liberia, Guinea, Ivory 
Coast. Ghana, and the central part of Nigeria (WARDA 1980), Rain-fed lowland rice is 
generally grown in valleys in whidi some of the land is unflooded, some is occasionally flooded, 
and some is flooded during the major part of the cropping season (Moormann and Juo 1986) 

Weed prnl)lems 

Due to the lack of water control, water management is not a tool in weed management in rice 
fields in Africa, Aerobic conditions and high soil moisture occuiring over an extended period 
aro &vourable for weed germination and growUi. Once weeds become establidied, deeper 
flooding is needed to reduce weed growth. Warm, moist conditions of hydromorphic soils also 
favour rapid breakdown of soil applied herbicides, reducing their efficacy I Akobundu and 
Fagade 1978). Weed species of importancL- in this culture include Cvpenis spp.. Echmochloa 
spp., hchacmum ivgusum Salisb., Cynodon ductyUm, Sphenocka zeylanicu Gaertn. and 
Ipomomea spp. In tfie savanna, tall grasses such as Hyparrhenia spp. and Panicum spp. are 
important (Akobundu and Poku 1986). Yield loss caused by uncontrolled weeds in lowland 
rain-fed rice in West Africa is about 40% (Akobundu and Fagade 1978). 

Control Methods 

Land preparation. Most rice cultivation on wetlands is for subsistence. The use of improved 
methods of land preparation that include levellmg and bunding is not yet comnKm but has 
proved profitable and will expand (Mootmann and Juo 1986). Shifting cultivation is the 
common practice. The land is prepared manually into ridges or small heaps before flooding 
occurs and rice is direct seeded or transplanted (Moormann and Juo 1986). Unevenness in the 
field results in areas of inadequate flooding. Tillage operations are mainly done in the dry season 
or before flooding when die ground is hard. On large scale parastatals farms, land preparation 
is only done by medium or large tractors (Wanders 1986). 

Varieties. Short, lodging-resistant varieties with good tillering ability are considered ideal for 
irrigated rice and will also perform well in hydromorphic soils not subjected to moisture stress 
(Masajo et al. 1986). However, in less favourable hydromorphic soils and shallow swamps, 
sligihtly tall plants with good tillering ability, strong culms and erect to di oopy leaves are more 
suited to the fluctuating moistures and heavy competition from weeds. In one study in Nigeria 
(Akobundu and Ahissou 1984), yield of the tall 0S6 rice cultivar, which was weeded once m 
hydromorphic soil, was reduced by 39%, while a scmi-dwarf cultivar /\NDNY 1 1, suffered a 
yield reduction of 63%. 

Planlinji. Dry seediny of rice is the common practice. Weed problems of direct seeded rice and 
more miense and wider in range in dry seeding (Ampong-Nyarko and De Datta 1991). 

Plant population. Close qiacing, between 10 and 25 cm in rows or hills, increases the ability 

of rice plants to compete with weeds f .Ampong-Nyarko and De Datta 1 99 1 ). In many areas of 
Africa plant density is not optimal. Tail varieties performed best when transplamed at 25 x 25 
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cm whereas the non-lodging varieties produced highest grain yields when transplanted 10x10 
cm apart in Nigeria (Fagade and Ojo 1977). 

Water management. At present because fields are not level and the water level is not 
controlled in rain-fed lowland rice in many African countries, the beneficial effect of weed 
suppression by flood is not realised. In most rice fields continuous flooding to a depth of 5 cm 
depth is required for flooding to be used as a weed control method. 

Hand-weeding. Weed control in farmers' fields is often inadequate because of costs and timing 
of weeding. Hand-weeding is common in Africa. Weeds are allowed to grow until they are tall 
enough to be pulled out easily (Akobundu and Fagade 1978). The energy requirement for pulling 
weeds by hand and burying them with feet is about 350-400 hours per hectare (Navasero et al. 
1986). The use of the hoe is a faster and more efficient but line sowing is a prerequisite ( Curfs 
1974). Two to three well-timed hand weedings should provide adequate weed control in rain-fed 
lowland rice (Ampong-Nyarko and De Datta 1991). Early season hand weeding especially 
where there is no standing water, reduces the competition of weeds for nutrients and moisture. 
Mechanical weeders can be used if seed is drilled or dibbled in straight rows. 

Herbicides. Smallholders usually grow rice using human power. The introduction of labour- 
saving technology such as herbicides to supplement the hand-weeding where seasonal labour 
shortages occur is appropriate. The persistence of residual pre-emergence herbicides under 
waiTTi moist or flooded conditions may be too low to provide a weed-free rice crop. Follow-up 
hand weeding or post-emergence herbicide application may be necessary. Herbicides suitable 
for use in rain-fed lowland rice include, bentazon, butachlor, butralin, oxadiazon, oxyfluorfen, 
pendimethalin, propanil, quinclorac, thiobencarb, propanil, 2,4-D or MCPA (Ampong-Nyarko 
arid De Datta 1991). 

DEEPW ATER RICE 

Most of 0.47 million ha of deep water rice in Africa is planted in the flood plains and inland 
delta of the River Niger in Guinea, Mali and Nigeria. Owing to erratic rainfall and irregular 
flooding, average yields usually vary between I to 1.5 t/ha, cultivars are often mixed, none or 
little fertiliser is applied and manual labour employing hoes and machetes is common (Catling 
1992). 

Weed Problems 

Weeds are regarded as one of the more serious constraints to deepwater rice production and may 
result in crop failure or cause farmers to abandon their fields ( Vallee and Vuong 1978; Nyoka 
1983). The most troublesome weeds include Oryza longistaminata, O. barthii. Echinochloa 
stagnina and E. pyramidalis. Deep water rice may suffer severe weed infestation during the pre- 
flood period. Weed problems are often aggravated by poor stand establishment due to drought. 

Control Methods 

Land preparation. Before the onset of rains stubble from previous crops is burnt. Land 
preparation consists of one or more ploughings starting from first rains ( Bidaux 1971 ). Deep 
ploughing and harrowing are recommended in the dry season if rhizomatous perennials are a 
problem (Ampong-Nyarko and De Datta 1991). Farmers having no serious weed problems may 
not plough every year (Nyoka 1983); instead they may encourage a volunteer stand of glaberima, 
thus avoiding the need for ploughing, sowing and weeding. 
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Planting. Broadcasting rice into dry soil is common practice in deepwater rice. Seeds may be 
covered by hoe or left on the surface. Critical spells of drought are common which can lead to 
poor stand establishment and increase weed problems. 

Cnltivar. Rice cultivars with elongation ability, photoperiod sensitivity and tolerance to 

stagnant water conditions have been introduced into Africa. Farmers carefully select a cultivar 
with suitable duration and growth ability for the expected flooding conditions (Carpenter 1978). 

Fertiliser. Small amounts of fionnyard manure are used, but virtually no cliemical fertiUser is 
used (Catling 1992). Deposits of die silt carried 1^ riven during annual floods provide high 
fertility for most deepwater rice soils. High soil fertility improves stand establishment and 
elongation ability of rice but weeds also grow quickly and are veiy competitive iAxnpoag- 
Nyarkoand De i3atta 1991). 

Hand-weeding. Hand-weeding is ihe most effective weed control mediod in deep water and 
floating rice. It is particularly effective against the annual O. barthii: a single weeding may be 
used before flooding (Catling 1992). Sometimes pre-flood weeding is followed by the removal 
of any htruc weeds alter the floods have arrived. In se\ere infestations of O. lon^istaniinata. O. 
barthii and other grasses such as Echinochloa, Brachiara sp. and Acroceras amplectans, water 
mowing, adrastic form of weeding, where the fwroer decides to ftiffeit die crop fbr that year and 
cut off the whole field during the eariy flooding period is carried out (Martin and Guegan 1973; 
Nyoka 1983; Catling 1992) 

Herbicides. Virtually no herbicides are used in deepwater rice in Africa. However, most 
common weeds present before flooding can be controlled by herbicides. Butachlor, oxadiazon, 
pendimedialin, diiobencarb, pipaqilios-dimedunnettyn and oxyfloribn are effective are effective 
when applied pre-emergence (Ampong-Nyarko and De Datta 1991). Residual heibicides give 
variable results when implied to dry soils or when flash floods occur soon after application. 

Other control methods. Weeds are cut for cattle feed, and sheep and goats are put to graze the 
fields (Cading 1992). Panicles and shattered seeds of wild rice and weeds such as EchinocMoa 
stagnina, E. colona, Brachiara deflexa are also gathered for human consumption, especially 
during the drought years (Catling 1992) 

IRRIGATED RICE 

in sub-Sahacan Africa krigated rice comprises 1 1 .3% of total rice growing area (Kaung Zan et 
al. 1985). In Egypt, ricelands are entirely irrigated. 

Weed Problems 

The major weeds in irrigated rice are Cyperus spp., taspaium spp., C. datycion, I. rugosum, 
Eckim)chloaspp.tSacc^lfpisspip.,Sphe(moi^ Both large-scale and 

small-scale rice growing areas in tropical Africa have litde water control. As optimal water 
depth is not maintained, weeds grow and infest irrigated fields. In poorly flooded rice fields 
most serai-aquatic lowland rice weeds can germinate nml sun ive f Amptmy-Nyarko and De Datta 
1991). When improved weed control practices are compared witli farmers practices, the increase 
in rice yield is often about 10% (Kaung Zan et al. 198S). 
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Control Methods 

Land preparation. Proper land preparation is essential for good stands and crop growth. In 
Africa land is mainly prepared by manual labour using a short-handled hoe. In tsetse-free areas, 
draught animals are being introduced and their use is slowly increasing (Kaung Zan et al. 1985). 
In large rice production parastatals, such as those in Nigeria, Cameroon, Kenya, Madagascar, 
Ivory Coast, Senegal and Tanzania, land preparation is mechanised and may consist of wet 
rotovation. Small power tillers have also been introduced in countries such as Sierra Leone. 

Stand establishment method. Transplanting and direct seeding are practised. For transplanting, 
rice seedlings are raised in a wetbed nursery and then transplanted manually by farmers. 
Transplanting healthy 20- to 30-day old rice in rows in well-prepared weed-free fields gives the 
rice a head start over weeds. 

Plant population. Closer spacing increases a rice crop's competitive ability against weeds. In 
many parts of Africa farmers still use traditional cultivation practices; in particular random 
planting. A big variation in plant density occurs from farm to farm; recommended optimum 
densities are difficult to achieve because of the practical problems of transplanting in rows 
(Njokahand Okhoba 1985). 

Water management. Water management will eliminate the usual upland weeds in transplanted 
irrigated rice; anaerobic conditions in soil under 5 cm of water inhibits most weed growlh 
(Ampong-Nyarko and De Datta 1991). In both large-scale and small-scale rice growing areas 
in tropical Africa optimum water depth is not maintained, and as a result, weeds grow and infest 
irrigated fields. 

Fertiliser. The response of rice to fertiliser is markedly increased by effective weed control. 
Fertiliser use in African rice culture is still very low because under the traditional cultivation of 
rice, fertility is restored through the bush fallow system (Kuang Zan et al. 1985). 

Hand-weeding. In several African countries hand-weeding is the most common practice among 
small farmers. Hand weeding in many rice areas of West Africa can require 250-780 hours/'ha, 
depending on the ecosystem, frequency of weeding and environmental conditions. The first six 
weeks after transplanting is the critical period of weed competition. Two or three timely 
weedings will provide adequate weed control. Rising labour costs and scarcity of labour at the 
time of weeding has enkindled interest in mechanical weeders. 

Herbicides. Herbicide use in Africa is still limited. The persistence of residual pre-emergence 
herbicides under warm moist or flooded conditions may be too low to provide a weed-free rice 
crop. Follow-up hand weeding or post-emergence herbicide application may be necessary. Rice 
herbicides show maximum selectivity in transplanted rice because of differences in growlh 
between rice seedlings and the germinating weed seedlings. Applying a pre-emergence herbicide 
together with effective water management will provide season-long weed control. In direct 
seeded irrigated rice the number of herbicides that can be used safely may be limited. 
Herbicides suitable for use in irrigated transplanted rice include bensulfuron, bentazon, 
butachlor, 2,4-D, oxadiazon, pendimethalin, propanil, quinclorac and thiobencarb (Ampong- 
Nyarko and De Datta 1991). In direct seeded rice, butachlor, thiobencarb, butachlor, and 
propanil are efTective and have been well tested. 
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Em^RONMENT ALLY SUSTAINABLE WEED MANAGEMENT 
Environmentally sustainable weed management is the rational use of environmentally safe and 
integrated weed management tactics to provide sustainable protection of crops from the ravages 
of weeds. Indirect tactics for weed oratrol in rice include land preparation* water management, 
plant spacing, seed rate, cultivar and fertiliser application. The essential factor in any 
environmentally sustainable weed management is the number of indirect and direct tactics that 
can be combined economically in a given situation. Farmers are interested in net benefits and 
in minimising risks. Agronomic practices such as water management, which indirectly 
suppresses weeds and fertiliser application whidi increases the oonqietitive ability of rice, are 
highly economical. Combined with any of the direct weed control methods sudi as hand- 
weeding, these practices can constitute an economically viable production system (Ampong- 
Nyarko and De Datta 1991). 
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HERBICIDE RESISTANCE IN RiCE: STATUS, CAUSES AND PREVENTION. 

Jonathan Gressel and Aurora M. Baltazar 

INTRODUCTION 

Herbicides have allowed plant breeders to produce cultivars that do not need to compete with 
weeds for space, Hght, water and minerals: concentrating mainly on yield; allowing the feeding 
of an ovCT-expanding human population. This is especially evident with rice, where the lowenng 
ofthe stature reduced partitiaiiing of photosynthate into straw, greatly increasing the yield index. 
The green revolutioo rice, grown in large areas, has magically turned hunger into self 
sufficiency. 

There is a dark side to this success story; monoculture of green revolution crops was encouraged, 
and the lack of height renders the crops far less competitive with weeds, and herbicide use 
became obligatory. Resistance is an inevitable outcome of relying on single methods. For the 
first 35 years of heavy herbicide use beginning after World War U, there were only sporadic 
cases of resistance, but lately there has been an evolutionary vengeance that has stimulated 
worry, and the first thoimhts on mandated management strategics. The reasons for the initial 
slow and now rapid evolution will be exammed so that we may more wisely advise strategies 
to retain safe herbicides in our never endmg war with weeds. Some cases, like the lnx>ad 
spectrum cross-resistances and multiple resistances to wheat-selective herbicides that have 
evolved in Australia, will require deep thought and novel strat^es to find solutions. 

This chapter will attempt to summarize what has been happenmg, why, and how resistance can 
be prevented, dektyed, contained or ameliorated. A special enqthasis will be placed on the 
problems facing rice, and how they can be addressed. Rice should, at first ghmce be a crop 

redolent with cases of herbicide resistance based on analogies with other cases of resistance. 
Herbicide-resistant weed populations evolved in other monocultures; maize, wheat, tree crops 
and roadsides, yet until recently the cases in rice were minimal. I hus, we will have to explore 
the reasons and analyze whedierlfa^ are due to &e nature of the cropping system, the weeds of 
rice, and/or tiie nature of the heibicides and herbicide mixtures used. This is done while 
ana^rang the causes fliat facilitated resistance to evolve in rice and compare them with the cases 
in other crops, to learn how to prevent or delay their further occiin ence in rice. When a fanner 
has a good herbicide system for weed control, measures should be taken to prevent the loss of 
such tools. 

ChMigw in Weed SpectiUDi vs. Resistance 

Changes in weed spectnmi due to changing technologies are not new. Many previously 
pernicious weeds h:r, c been virtually eliminated. Seed cleaning equipment eliminated some 
weeds, deep cultivation eliminated many perennials, draining eliminated wetland weeds, 
fertilizBrs selected against tfiose that did not respond well and ^ey disappeared as weeds, as will 
remain rare iimocuous wild plants (Haas and Streibig 19S2; Gressel and Kl«fdd 1994). 
Rotations kept many weeds at bay. WTieat in winter, rice in monsoon season as a rotation, 
eliminated most weeds of wheat, but left Phalaris minor Retz., unaffected by paddying, as a 
major weed in Indian wheat. 

Weeds often mimic crops in morphology and phenology (Barrett 1983). The rotation of crops 
having different phenologies and morphologies prevents any species from building up to the 

195 



Copyriyliica i 



explosive levels that are possible in monoculture. Herbicide rotations had the same effect, as 
different herbicides left behind different weeds, and herbicide rotations controlled most weeds 
at some time during the rotational cycle. Rice fields were transformed from colourful to drab 
green with the advoit of 2,4-D and the control of broad leaf weeds in the mid 1940's. As 
ecology abhors a vacuum, all empty nidies are n^idly filled in monoherbidde monoculture by 
weeds that were always resistant (e.g. grasses diat were naturally resistant to 2,4-D in rice). 
] ater, resistances evolved in species previously controlled. The message herein is that the 
farmers and their advisors can no longer rely on indiscriminate spray, spray, spray. They must 
understand the crop, its weeds, the physiological and biochemical modes of action of herbicides, 
as well as crop resistance to die avaiid>le heri>icide8» and the fiill implications of each hobicide- 
use. Only then should farmers decide when to treat and when not, and with what to treat and 
what not, and how to set up wise rotations. Alternatives to herbicides must be sought, so that 
we will still have the herbicides available when needed. 

Many times a lack of control, due to a variety of reasons* is misoonstnied as resistance. If a 
nnmber of weed species remain alter treatment that should have controlled diem, diis is a lade 
of conlTol. If one species remains that should have been easily controlled, but harder to control 
weeds were killed; there is a good chance that resistance has evolved. 

There are enormous pressures being imposed to lower pesticide use based on some real and some 
peiceived dangers to humanity and the environment Agricultural economists have been teaming 

up with weed scientists to provide computer programs for delineating the thresholds showing 

when herbicides provide cost-effecti\ c weed control, cutting out unneeded treatments The 
economists' "less is better" can fit well with the ecologists' "use less", resultiny m less expensive 
weed control, less environmental impact and often less, or delayed resistance. Unwisely using 
less can also enlumce die rate of evolution of resistance (see below). Thus, we nmst learn how 
to use less, but to do so in^ligendy. 

Definitions. Herbicide resistance is "the inherited ability not to be controlled by a herbicide". 
The term resistance should always be followed and/or preceded by modifiers. An important 
modifier is the rate applied. Resistance to agricultural rates is assumed here, but rates should be 
stated. Thus, with a selective herbicide, rice is natundfy resistant Evolution of resistance is 
then the process whereby the rare resistant individual becomes the majority - i.e., a resistant 
population. The resistance factor h usually described as the of the resistant individual di\'ided 
by the 1„, for the susceptible. The resistance factor for the 1« to 1, is harder to measure but is 
more significant for field situations, and need not be the same as tor ijoS. There may be Jull 
n^sUmce at an agricultural use-rate, or partial resistance. The latter occurs when ifae plant is 
severely inhibited but still produces some seed. Tolerance was previously used for partial 
resistance (LeBaron and Gressel 1 982), but this meant different things to different researdiers, 
and has bean dropped (Gressel et al. 1995). 

Some species have evolved lesistanGe to mne dun one herbicide. If this is due to sequential 
selection (one herbidde was used until resistant populations evolved, then anodier was used and 
resistance evolved to it), this is mul^le resistance. These are separate evolutionary events due 
to mutations in different genes. If evolution of resistance to one herbicide immediately 
endowed resistance to other heibicides there is cross resistance. It is target-site cross-resistance 
if all the herbicides affect the same precise target or metabolic cross resistance if all the 
herbicides or their toxic inoducts are (k^graded by die same meduonsm. ATegutffue cross 
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resistance occ\irs when the resistant plant is more susceptible to some other herbicide than the 
wild susceptible biotype. 

FACTORS GOVERNING THE RATE OF EVOLimON OF RESISTANCE 

If die relative importance of each of the factors controlling the rates of evohitioii is understood, 
cultural practices can be modified to delay resistance. The relative importance of each factor can 
be nssessoJ by modelling and verified by epidemiology (hindsight elsewhere) and.br 
expci imcntation. Much of the hard biological and chemical data needed for testing the models 
IS lacking. I he first model describing different rates of evolution of herbicide resistance under 
difTerent conditions was published about 17 years ago (Gressd and Segel 1978). The basic 
model has remained, but it has been modified through the years to consider more information 
that ha-s appeared (Gressel and Segel 1982; 1990a ). Other i:roups have rightly started designing 
more sophisticated models (Maxwell et al. L990» Mortimer et al. 1992). 

A major advantage of models, besides thor assistance in prediction, is that fliey identify gaps 
ofknovie^ge. This in tnm can sug^st priorities for researdi. Surprisingly, diere are no major 

differences in tfie predictions about rates of evolution among the models, although there are 
differences in modelled effects of ameliorative treatments once resistant populations have 
appeared. Models nmsi explain why the vast majority of cases of resistance ha\ e appeared in 
monoculture, monoherbicide situations. Monoherbicide is defined as consecutively; continually 
usii^ one or more herbicides with tiie same predse site of action, or one or more herbicides that 
are degraded in the same manner, or whose toxic products are d^raded in the same manner for 
the control of a given weed. There are many cases where a large number of generations were 
treated with a given herbicide, but not in consecutive years, due t(i herbicide rotation, and 
resistance did not evolve. The same numbers of treatments ui monoherbicide culture elicited 
resistance. 

Factors Modulating Evolution of Resistance 

The factors in the models are usually the same, although an earlier model lunq>ed many together 
under the same heading (Gressel and Segel 1978). These factors include: 

The initial frequency of resistant mntatioiis in the gene po<ri. Mutations are always 
occurring, whether we use a herbicide or not. Most mutations are lethal and the mutants 

disappear Virtually nil of the non-lethal mutants are somewhat deleterious in the "pristine" 
herbicide free environment. Thus, most mutants are found in a population at a frequency lower 
than the natural mutation frequency because of these inadequacies, when the mutants are in 
conspetition widi more fit genotypes. 

Genes conferring resistances to the various herbicides are in populations at different natural 
frequencies. A few experiments with acetolactate synthase inhibiting herbicides (sulfonylureas, 
imidazolinones. etc.) have showTi that about one in a million plants bears a semi-dominant 
nucleai mutation in the target site conferring resistance. In contrast, target-site photosystem II 
resistance is recessively inherited on the psbA gene of the chloroplast (LeBaron and Gressel 
1982). Chloroplast mutations appear {dienotypically at far lower frequencies than nuclear 
mutations, frequencies that can onl\' he guessed to be near 10 -". Thus resistance to photosystem 
IT inhibiting herbicides such as the uiazines, phenylureas and propanil can he expected to evolve 
resistant populations much more slowly than sulfonylurea resistance, based on the time it would 
take for a resistant individual to predominate in a population. Indeed, sulfonylurea resistance 
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appeared within 3 years of use in rice whereas popularions resistant to PSII herbicides were only 
evident after >15 years of continual use on a much larger scale in rice, and the resistance to 
propanil is not in the target site. 

The frequency of resistance to some herbicides, such as the auxin types, the thiocarbamates, the 
chloroacetamides is unknown. They are thought to be multi-site inhibitors ( mainly because no 
specific sites have been found). Thus, to have target site resistance, you would have to 
compound the fi^equencies of resistance to each target to get a resistant individual. For instance, 
if a thiocarbamate affects 7 targets in a weed and each target is mutated to resistance in one plant 
in a million, then there would be one plant resistant to the herbicide in 10'"^ 10*-. There are 
probably not 10*' seeds of any given weed to choose from in the world, so evolution of multi 
target-site resistance would be unlikely or take very long to evolve. A weed would have to 
"learn" to degrade a thiocarbamate, i.e. to evolve levels of a metabolic pathway to deto.xify the 
herbicide before it kills the weed. We do not know the frequencies of detoxification mutants, 
but from history, it is clear that they must be rarer than single target site mutations at normally 
used use rates. Detoxifying mutants can be found more frequently when lower rates are used 
and single gene target-site mutants are more frequent at high use rates (Gressel 1995). 

Selection pressure - the greatest influence. Selection pressure is the relative ability exerted 
by a herbicide to decimate the wild type and leave resistant individuals. Some herbicides exert 
greater selection pressure than others, i.e. remove more susceptibles over the season than others. 

The selection pressure of the same herbicide can be different on different weed species. The 
totality of factors included in selection pressure is measured as the ratio of survival of resistant 
to susceptible propagules over a growing season. Selection pressure is heavily affected by 
herbicide persistence. The longer a herbicide remains active, the greater its selection pressure, 
when weeds germinate throughout the season. Any given Hush germinating after a low residual 
herbicide has sufficiently dissipated will leave susceptible plants, which produce susceptible 
seeds. This gives a low selection pressure. This is probably the major reason why widespread 
resistance has not evolved to 2,4-D even though there have been more "hectare-years" of this 
herbicide used than any other. Many weed species can produce a complete life cycle of 
miniature plants with susceptible seeds as an innocuous understory in the crop, after 2,4-D has 
dissipated, leaving susceptible seed, which will depress the rate of evolution of 2,4-D resistance 
by diluting out any resistant individuals that appear. 

Post-emergence herbicide use exerts lower selection pressure in many crops because some weed 
plants are missed due to shading, resulting in unequal distribution. This is less likely in paddy 
rice when the herbicide can diffuse in the water, and all weed plants are affected. 

Some rice herbicides exert exceedingly strong selection pressures because of their persistence. 
Bensulfiiron-methyl, dimethametryn, pendimethalin are often residual in soil at levels that still 
control many weed species (and often susceptible crops) a year or more after application. It is 
not surprising that incidences of resistance to persistent herbicides are widespread. Resistance 
to triazines (mainly atrazine, an analog of dimethametryn) on a worldwide scale appeared first 
in broad leaf weeds having an I„ ten fold or less than the rates used. Resistance evolved later 
in the harder to control grass weeds requiring more herbicides, often where triazines were used 
as 'sterilants' along roadsides. 
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Resistance has also evolved to herbicides having no biological persistence. F*araquat is 
biologically ephemeral within hours. In many cases larmer persistence replaced chemical 
perastenoe. When fiumers spray paraquat montfily for five yean, tfiis is like bensulfuron-irothyl 
perristenoe. Persistence is also related to weed biology. If a weed germinates in a sii^e flush 
in an agronomic situation, a herbicide with a short persistence at the time of that flush will exert 
high selection pressure. This may well he an important factor in difenzoquat, triallate resistance 
in Avefia Jatua L. in Canada, U.S.A. and Israeli grain fields, and Lolium resistances to diclofop- 
mediyl. These heri)iddes do not have the persistence of hensalftironHiiethyl or dinMdianiBtryn. 

Relationship between mutation fi e(iiK ncy, selection pressure and herbicide rate. Target 

site mutations usually confer such a high level of resistance that they are selected for at all 
agricultural rates. If the farmer lowers the rate of application of a herbicide, the selection 
pressure for the taiget site mutant is lowered because more susceptibles will survive. This is not 
the case for polygenically inherited resistances, where each of ^e polygenes usually gives only 
a small increment of resistance, often due to metabolism. If the herbicide is applied at a high 
rate, and ft)r example four increments of resistance are needed, four mutations would have to be 
found in the same individual. If each mutant is found at a frequency of 10*, then the likelihood 
of a resistant individual being found is IQ '\ If the four genes are to be chosen from a large 
family of polygenes (e.g. 100) then the likelihood of four mutations in one individual are 10^ 
X 10* = 10*, still a very low frequency. Ci i n \ ci sely, if the fanner uses a low rate, and only one 
increment is required, and there are a huruii cd [polygenes to choose from, each at a frequency of 
10 '', thc!i there w ill be a resistant individual in 10'' X 10= lO" of the plants. Thus, high rates 
exert a selection pressure for monogenic, target site resistances and low rates for polygenically 
inherited resistance. There is evidence that this has hsippeoed with the same hotlcide in the 
same weed genus in die same crop in different places in die worid (Gressel 1 993) and modds 
have been proposed rotating low with medium doses to deUiy such evolution (Oressel 1995). 

Fitness - a major modulator. Most mutants are less fit than the wild type when the selector is 
not present, otherwise the mutant would be the wild type. This should be measured as 
competition between the resistant mutant and die suaoepttbte wild type. Under such competitive 

situations, triazine-resistant mutants have 10-50% the seed yield of the susceptible wild type 
(Gressel and Segel I97S, rH>(KT: [ et^aron and Gressel 1982). Triazine and other resistant 
biotypes are otten even less productive when grown alone (Gressel and Segel 1990a). There 
is a possibility that where the modifications conferring resistance in a target enzyme are far 
fmrn die active site of die en^me, as occurred with sulfonylurea resistance (Schloss et ai. 1988) 
that the fitness difTerential could be minimal. 

Fimess should be measured as competition with wild type over a complete life cycle, preferably 
in an agioecosystem. Unfortunately this stricture is too often ignored and there are many studies 
purporting not to find fitness differentials, where true fitness loss was actually not measured. 

With low persistence herbicides, susceptible weeds can compete wth the less fit, resistant weeds 
after the herbicide has dissipated, suppressing the relative yield of resistant seed where the weed 
has multiple flushes of germination. Differential fitness will not assist in delaying the rate of 
evoluiiun uf resistance to high persistence herbicides used in monoherbicide culture; there is no 
occasion for the fitness difference to be expressed. Herbicide rotation can allow for fitness to 
depress the rate of enrichment of resistant individuals in a population, but only in die "off" years 
when the pjirticular herbicide is not used. The models of resistance-suppressing rotational 
strategies suggest that if there is adequate weed control in the years when a diilerent herbicide 
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is used, one can keep even a herbicide with a high initial t rcqucncy of resistance in use for many 
years (Gressel and Segel 1990a). There are even some strategies where there is negative 
enrichment for resistance or just a negligible enrichment of resistance. These strategies do not 
preclude theuseof herbicides in the off years; they require that the "off' year herbicides do not 
select for the same resistance genes as the "on" year hcrbicidw (Gressel and Segei 1990b). This 
requires understanding the weeds and the herbicides. 

Hie sofl seed bank. Modi weed seed is mcorporated into the soil seed bank by cultivation, and 
proportions are released each year when they reach the surface and/or dormancy is overcome. 
After starting to treat with herbicide, the few resistant seeds entering the soil are diluted by the 
susceptible seed from previous years. The longer the life in the seedbank, the greater the 
buffering effect of susceptible seed from previous years, decreasing the rate of evolution of 
resistance. Thore are fidd data to support this: Senedo vtUgaris L. has evolved triazine 
resistance in wdiards, nurseries and roadsides where there was no mechanical cultivation, but 
not in cultivated maize fields. Senecio seed is incorporated into the soil seed bank in cultivated 
fields, where it is viable for many years (Watson et al. 1987). All Senecio seed falling on 
undisturbed soil on roadsides or orchards either germinates, or dies during the followmg season 
(Putwain et al. 19S2). Thus, the q^idemiological evidence cocrobofates die pcedicdan diat 
reastance evolved where there was the shortest average seed bank life time. Sndi infbrmatian 
must be considered in formulating strategies for resistance management. Many other species 
such as LoUum do not enter the seed-bank under specific agronomic situations, i.e. in minimum- 
tillage agriculture, partly explaining the propensity for rapid Lolium evolution in Australia. In 
cases of limited seed bank it is clear why rotational strategies can be so effective; crops can be 
used tfiat oonfiise weed phenology, and alternate herbicides can be used to control tiie weed if 
rotations are well designed. 

Integrating the Factors into Models 

A populations dynamics model was elaborated, based on a series of complicated equations and 
then many simplifications. The summary equation is: 

N-HO+fa/fJ)* 

where n is the number df years of treatment; N„ is the proportion of resistants of a given ^species 
in the n* year of conimued treatment of a given herbicide. N , is the initial frequency in the field 
prior to herbicide treatment, which is controlled by the frequency of natural mutations to the 
resistant biotype, and tiie fitness of sodi a biotype. The factor in parentheses governs the rate 
of increase of resistance. It contains die overall fitness (f) of the resistant compared to the 
susceptible biotype, which in the many cases of triazine resistance is between 0.3 and 0.5. The 
selection pressure (a) is defined as the proportion of the remaining resistants divided by the 
proportion of remaming susceptibles at the end of a growmg season. For example, if no 
resistants are killed and 90% of tiie susceptibles are killed, a = 1/D.Ol - 10. Selection pressure 
and fitness are divided by N, the average life-span of the species in the soil seed-bank. In weeds 
that germinate immediately, such as Senecio on roadsides (but not in ploughed fields) N equals 
one year. With most weed species in cultivation, N is between two and five years. An increase 
in N depresses the rate at which resistance will increase. More elaborate models have been 
subsequently constructed (Maxwell et al, 1990; Mortimer et al 1992). 

The interrelations are clearer when we use the equation to generate hypnihetical slopes from 
different selection pressures and from an average seed-bank life-span, with different fitnesses 
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( Fig ! ). We have started in year zero with a frequency of 10^ as mig^t OCCOr if resiatanoe was 
inherited by a single recessive gene in a diploid weed. 
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Figure 1. Effects of varkras combinations of selection pressure (a) (measured as season- 
long effeetlvo idD, EK) and of soli seed-bank kmgevltjr ( fil) on the rates of enrichment of 

hcrfoicide-t esistant individuals over many seasons of repeated treatment. The values are 
plotted for Pitncsses that would be allowed to develop after the herbicide becomes 
degraded. With the persistent triazine-typc herbicides the fitness (f) would be near to 
unity, as the fitness differential has no time to become apparent. With the phenoxy type 
berUddes, litncn diflerentials 0.4-O.Q will hmve time to be ioflncntiiL RMtetance (R) 
would bcconie apparent in the field only when more than 30% of the plants are resistant 
The scale on the rinht indicates the increase in resistance from any unknown initial 
frequency of resistance in the population; the scale on the left starts from a theoretically 
expected frequency of a recessive monogene. Plotted from equations in Gressel and Segel 
(1978). 

It is possible to move the frequoicy scale in Figure 1 to fit any other initial field frequency. 
From the slopes, it is clear that the proportion of herbicide-resistant individuals would increase 
year by year. The slopes indicate that it will take many years to reach a frequency of resistant 
weeds that will be noticeable (i.e. more than the 1-10% viable weeds that usually remain af^er 
a herbicide treatment). Thus, fanners do not realise diat ihiey are enriching for herbicide 
resistance until it is upoa diem. 

Such models allow one to plot scenarios as is done in Figure 1. One can easily surmise that the 
very abrupt slope with rapid evolution of resistance is a pretty good summary of wh^ actually 
ha|ipened with persistent sulfonj^ureas and txiaziiies. The reason diat resistance typically 
agpem to die former after 3-5 years of use and the latter 7-10 years. This is probably due to die 
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much lower initial frequency of chlornplast-inherited triazine resistance in the po|>ulati(Hl and 
the high initial frequency of nuclearly inherited sulfonylurea resistance. 

The lower more obtuse-angled dopes showing slow evolution are typical of post'-emecgence 
herbicides with imperfect cover, missing a prop<Htion of the weeds and lowering selection 

pressure. Additionally, weeds completing life cycles before application, or after dissipation of 
the herbicide slow evolution, as with non-persistent 2.4-D and propanil. This is because these 
early or late weeds produce susceptible seed diluting resistance. Field epidemiology has clearly 
shown that these models woik only in monoherfoicide culture. If it takes seven years for resistant 
pq[Nilations to appear in monoheibicide cultores, it has typically taken mudi more Uian 14 years 
when the herbicide is used every other year. Even the models that consider fitness differentials, 
seed bank etc., during rotation ( Gressel and S^el 1990a) seem to underestimate the value of 
rotations in delaying resistance. 

Negntive Cross Resistance in Rotations to Delay Resistances 

Some herbicides are more toxic to individuals resistant to other herbicides than to susceptible 

ones, i.e. there is negative cross resistance. Negative cmss resistance can be elucidated and 
incorporated into rotational strategics for preventing resistance, lnuh before and after populations 
become resistant. I he delaying effect of negative cross resistance must be added or compounded 
to the lack of fitness of resistant weeds, when considering rotations. The instances of n^^tive 
cross-resistances in atrazme-resistant weeds include herbicides that act at or near the same site 
in photosystem II (dinoseb and pyridate) as well as herbicides acting on other photosystems 
(paraquat). There is negative cross-resistance to other tubulin binding herbicides in dinitroaniline 
resistant Eleusine, but not to six commercial herbicides on this weed (Vaughn et ai 1987). Much 
of the data on negative cross resistance is from in vitro studies, ^ rest firan small scale pot 
studies, often widuut lull dose reqxmse curves (Gressel and SegA 1990b). There is interesting 
recent studies with pyridate strongly inhibiting triazine-resistant weeds far more than die 
sensitive one f Arlt and Jiittersonke 1 992: De Prado ef ai 1 992). There is a lack of field data on 
diis potentially powerful tool to prevent resistance from evolving. 

A recent model (Gressel and S^l 1990b) shows how by utilizing negative cross resistance diere 
can evoi be a "negative enrichment" where the resistant individuals are depleted to a lower than 

natural frequency at normally used rates. This can be illustrated by plots using a modified form 
of Eq. 1. (Figure 2). For example, the mixtures presently used may well affect atrazine-resistant 
biotypes to a far greater extent than the sensitive biotypes. The selection pressure is then 
negative as shown in Figure 2 (dashed line). This is probably the case widi pyridate, whidi is 
heavily used (in mixture with atraztne) to control atrazine-resistant weeds. One should clearly 
look for herbicides exerting negative cross resistance to control propanil-resistam EchinocMoa 
spp.. 

Seemingly, fiumers could use lower rates of these herbicides with n^gattve cross resistance to 
achieve the identical level of weed control of the resistant biotypes wiiere resistant populations 

predominate. \\^en rates are thus balanccil, there will be no selection pressure for resistance and 
no enrichment of resistance in the population (Figure 2, thick line). This could be used 
prophylactically i.e. before resistant populations predominate or just af^er resistance occurs. 
Lower rates will be mudi more "cost effective'' than fiill rates, and can preclude crop 
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Figure 2. Modelling the effect of negative cross resistance on resistant weed evolution: 
atrazine as an example. Neie: the freqnenesr of resistance is shown on an exponential scale 

(from Gressel and Segel 1990b). 

Thin line: The presumed rate of evolution of atrazine resistance when no other herbicide 
is used. It is assumed that the herbicide is ineffective on resistant individuals and has less 
than 99% effective liiU (season long suppression of seed output) of susceptible individuals. 
Thick Une: The effect of hcrfoiddes having strong negative cross resistance when mixed 
with atrazine at normal use rates. These other herbicides control resistant biotypes more 
effectively than atrazine affects the susceptible biotv pe. Dashed line: The effect of specially 
balanced mixtures with atrazine at a (normal rate) and a herbicide having negative cross 
resistance used at a low rate. The rates are balanced and atrazine controls the susceptible 
biotype to the «am« «ztait that tlie mixed herbicide eontrols the resistant blotype^ It is 
assnmed tiiat the mixed herbicide is ineffective on the susceptible biotype at this rate. 

phytotoxicity problems. Those involved with production of herbicides and those engaged in 
management of weeds are encouraged to try to obtain the necessary data and test the strategy in 
fidld sitoaticHis. In places where tesistant populations have evolved, die dq>letioa of resistant 
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populations should be followed, using various rates of the herbicide exerting negative cross- 
resistance. 

Mixtures as Tools to Delay/Prevent Resistance 

Besides the mixtures having negative cross-resistance there can be simple heterologous mixtures 
as well as synergistic mixtvues. These can be interrelated and/or overlapping with each other and 
with mixtures exerting negative cross-resistance. Heterologous mixtures are of more than one 
herbicides acting on the same weed at different sites of action. The best documented case is that 
of alachlor and atrazine, which both control Amaranthus spp. and Chenopodium spp., species 
often evolving triazine resistance. 

The effect of mixtures with partially overlapping weed spectra is manyfold. One effect is to 
lower the initial frequency by compounding the frequencies of resistance to each herbicide in 
those weeds controlled by both. If the ft^equency of resistance to one herbicide is 10 ' and that 
of the other is 10 \ the compounded frequency to both is 10'^ If all else is equal, it will take 
at least twice as long for resistance to evolve. As fitness losses are also compounded, it should 
take longer yet, giving a synergistic effect on resistance management. In the case of the 
alachlor/atrazine mixture, there is no information on the frequency of resistance to either 
herbicide. Resistance to alachlor (or other chloroacetamides) is exceedingly rare despite 
v^despread use. There probably can be no target site resistant resistance to alachlor or butachlor; 
the target is unknown, suggesting that there are more than one target. 

A synergistic mixture in the general sense is one where the herbicidal effect of the mixture is 
greater than the effect of the sum of the components. This allows using less of each component, 
often giving an economic advantage to a mixture. The atrazine-alachlor mixture has been shown 
to be synergistic against some weeds (cf. Gressel 1990) and smart farmers have reduced their 
rates. The lowering of the rates lowers the selection pressure for resistance to each herbicide, 
lowering the rate of evolution for each. This effect is synergistic beyond the compounded 
frequencies. 

Another type of syneryistic mixture is one containing a herbicide and an otherwise inactive 
adjuvant. Synergistic adjuvants are used to control insecticide-resistant insects that evolved high 
levels of monooxygenases. Laboratory studies indicated that the addition of monooxygenase 
inhibitors allows control of the Alopeamis and Lolium that evolved cross-resistance to wheat 
selective herbicides (Gressel 1990; Kemp and Caseley 1991; Powles and Matthews 1992) Some 
insecticides have been shown to have unwanted synergies with herbicides, especially propanil, 
severely affecting the rice crop (Matsunaka 1968). 

Criteria for Using Mixtures 

Mixtures did not prevent or greatly delay the evolution of resistance in many situations with 
insecticides and fungicides confounding original hopes. As herbicide mixtures are commonly 
used in rice, it is imperative to delineate criteria for use of mixtures. This has been discussed at 
length in Wrubel and Gressel (1994). 

It has been postulated that the use of herbicide mixtures combining different modes of action 
will substantially delay or preclude evolution of resistance to the more vulnerable or at-risk 
herbicides (Anonymous 1990; Anonymous I991a,b). This is because weeds resistant to the 
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vulnerable herbicide will be destroyed by die tnixiog partner, or at least be rendered relatively 
unfit compared to die wild type. 

Spectra of weeds controlled. For our discussion we will assume that two herbicides are used 
in mixture although more are possible. We refer to "mixtures" as only those combinations of 
herbicides where both partnecs affect die same taiget weed (Table 1, species A). Often mixtures 

are used where each partner affects different weed spectra, e.g., mixtures of grass and broadleaf 
herbicides (species B and C in Table 1 ). These latter mixtures, which increase weed control 
bcnclits, have no mtluence in delaying evolution of resistance in weeds they do not affect. They 
might even exacerbate resistance by controlling competing weeds, creating a more open niche 
for resistant biotypes. It is hard to assess, widioiit experimentation, what die effect on die rate 
of evolution will be when the mixing parmer has a moderate effect on a spedes excellently 
controlled by the vulnerable herbicide (Table 1, species D). 



Table 1. Possible effects of mixtures on different species. 



Control by 




Species 






A 


B C 


D 






(level of control) 




Vulnerable herbicide 


-H- 


++ 0 


++ 


Mixing partner 


-H- 


0 ++ 


+ 



0 = no control; +=^artial control: ++ ^control 
Sowce: Wnibd and Oressel ( 1 994) 



The mixing partner must efifectively kill OT sevctdy weaken the weeds most sensitive to the 
\ailnerable herbicide, because these weeds are the most likely to evolve resistance (Gressel and 
Segel 1982; Maxwell et al. 1990). Both components should do so with nearly the same 
effectiveness; it may not be helpful if at the rate used, the mixing parmer kills 75% of the weeds 
and the vulnerable kills 95%, unless die 20% remaining are severely inhibited sudi that they 
have a lesser reproductive capacity than die wild type. Otherwise, resistance could quiddy 
evolve in the remaining 20% of weeds. 

Persistence of components. Both components of a mixture need to have similar persistence or 
the mixing partner must have longer persistence than die vulnerable herbicide when weeds 

germinate throughout die cropping season. Otherwise, diere will be a period w hen only the 
vulnerable one is present and the target weed \vill not be exposed to a mixture nt n!I ( Figure 3A). 
Unlike crops, which have been selected to germinate uniformly and shortly after planting, seeds 
of many weed species have many flushes of germination dur ing a cropping season (Bewley and 
Black 1982). If a susceptible weed has mnildple flushes during die season, and the vulnerable 
herbicide has a longer period of activity than the mixing parmer, then the vulnerable herbicide 
selects for individuals resistant only to it after the mixing partner has dissipated fFigurc 3A). 
Thus, if the Milnerable herbicide has season-long activity, it is often critical that the mixing 
partner have the same persistence. This problem is accentuated wiien there is a long growing 
season and diere can be more flushes of weeds producing viable seed in late seascm. Thus, a 
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mixture may be more efficacious in short season growing areas than in areas with very long 
growing seasons. Rice herbicides vary considerably in their persistence (Table 2). 

A mixture that is not well matched for persistence can still be effective if the weeds germinate 
in a "single flush", without further germination, and both herbicides outlast the flush with equal 
efficacy (Figure 3B). Most cropping systems have many different weed species, so this 
circumstance can hold for some species but may often be irrelevant for the agroecosystem as a 
whole. 




time 



Figure 3. The persistence of lierbicides in mixtures as related to germination flushes of 
weeds. The dissipation of herbicides is usually linear when herbicide remaining is plotted 
exponentially. The horizontal dashed line denotes when the herbicide is no longer 
biologically active. A. A situation where a weed species germinates throughout the 
growing season and many flushes are affected by only one component of a mixture. B. A 
situation where the weed species germinates in a single flush and is affected by both 
components of the mixtures. Source: Reprinted from Wrubel and Gressel (1994). 

Target sites of action. The mixing panner should have a different target site of action from the 
vulnerable herbicide. Thus, use of a triazine and a uracil or phenylurea can be contraindicated 
as partners for propanil, as they act on the same protein in photosystem II. The situation for 
ALS-inhibitors is slightly more complex because of the differential pattern of cross-resistance 
among weed species to ALS-inhibitor herbicides (Gabard et al. 1989; Hattori et al. 1991 ; Saari 
et al. 1994; Saxena and King 1990). This pattern probably results in part from different or 
overlapping active sites for the herbicides on the ALS molecule (Schloss et al. 1 988). All weed 
biotypes resistant to one ALS-inhibitor are cross-resistant to at least .some other ALS-inhibitors 
(Saari et al. 1994), and it is yet impossible to predict the pattern of cross-resistance. 
Additionally, whereas one biotype of a species may have limited cross-resistance to other ALS- 
inhibitors, other biotypes of the same species may have broader overlapping spectra, i.e. the 
genes are present for broad spectrum ALS resistance. Thus, two ALS-inhibitors cannot be 
considered mixing parmers for resistance management. The variety of rice herbicides that can 
be considered for use in mixtures is summarized in Table 2. 

Modes of herbicide degradation. The mixing partner should not be degraded in the same 
manner as the vulnerable herbicide. For example, if propanil, a somewhat vulnerable herbicide 
is degraded in the crop by arylacylamidase, the mixing partner should have no chemical site that 
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can be attacked by that enz>Tne. This criterion could be a problem in wheat where all 
biochemically-selective herbicides seem to be degraded by monooxygenases in the crop (Gressel 
1988). Herbicide mixtures for wheat would be subject to evolution of resistance in weeds 
c^»ble of evolving increased levels of monooxygenase detoxification systems. This can oome 
about liy the evolution of higher levels of specific monooxygenases, by mutations coding for 
enhanced substrate (herbicide) specificity of one monooxygenase, or by mutations enhancing 
higher constitutive levels of all or many monooxygenases. 

Partners with negative cross resistance. Anoflier useful attribute in a mixing partner would 
be to possess negative cross-resistance; i.e. where individuals resistant to tiie vulnerable 

herbicide are more susceptible to the mixing partner than the wild type. This would actualty 
reduce the frequency of resistant alleles in the weed population as discussed above. 

THE RESIST^VNCE SITUATION 
The Sitaation hi Crops Other than Rice 

The first verified resistances to evolve were to the triazine herbicides, both along rights of way 
and orchards, and later in monoherbicide monoculture maize. Over 50 species have evolved 
resistance worldwide. Areas in Hungary now infested with resistant weeds are so extensive that 
atrazme cannot be used alone in any maize tkld. Similarly, there are triazine-resistant 
infestations in over 2 million hectares of French and German maize, requiring coiiq»lementary 
herbicides. In the centor of die U.S.A combelt these is very little resistance, but there is in 
surrounding peripheral areas such as Wisconsin, where there is more monoherbicide 
monoculture of tTiai/e. less rotation, and less mixing of atrazine with alachlor than in the com 
beh. Triazine resistance lias become so common that many cases go unreported. The difference 
between Hungary and the rest of the maize growing world is telling. Massive maize production 
began in Hungary lata* than otiier countries, but as a monoheibidde monoculture. There was 
no fast reaction to resistance by the fanners and no rapid sw itcfiing to other herbicide chemistries 
that could be effective. Alternatives were unavailable due to government restrictions on 
importation, i his seems to be a similar problem in many lesser developed countries. Of the over 
the 50 triazine-resistant species only one recently evolved case is clearly due to degradation of 
atrazme. The rest are taiget site mutants, having target site ooss renstance to all triazines, some 
phenylureas (but not diuron), uracils and other photosystem n heibicides (LeBaron and Oressel 
1982). 

Target site resistance evolved to the tubulin-binding herbicide trifluralin in Eleusine indica (L.) 
Gaertner in the U.S. South in cotton (Vaughn et at. 1 987) and in Setarta virtdis (L.) P. Beauv. 
in vast areas of western Canada where it was used in both wheat and oilseed rape for 20 years 
fMorrison et al. 1989). Target site resistance to the highly persistent, soil residual, chlorsulfuron 
appeared in five .species within 3-5 years of use (Reed et al. 1989: Saari et al. 1992, 1994). The 
areas currently infested are limited [except in Australia (i'owles 1993)] and the manufacturer has 
taken measures that they hope will delay resistance (McKinley 1990; Reed et al. 1989). Many 
of die resistant bio^rpes have cross resitooe to imidazolinones and odier sulfonylureas (Hall 
and Devine 1990; Saari et al, 1992,1994). 
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Table 2. Likelihood of evolution of resistance based on persistence characters and targets 
of herbicides used in rice. 



Herbicide l*ersistence' Target** 



months t|«(days) 



a. Herbicides with tow likelihood of resistance 






2,4-D 


<l(c,e) 




UK 


Bentazon 
Benzofenap 


l-3(c.e) 




PSII 
HPPD7 


Bifenox 




3.6(n) 


Protox 


Bromobutide 






PM 


Rutachlor 


l-3(c.e) 


4-14{ej) 


PM 


Chlomethoxynil 




5(0 


Protox 


CfalornilTofeii 




15.50(k) 


Protox 


Dunqnperate 




<7(g) 


PM 


Esprocarb 






PM 


MCPA 


<l(c,e) 




PM 


MCPB 


<l(c) 




PM 


Mefimacet 






UK 


Molinate 


<l(c) 


21(c) 


PM 


Naproanilide 




7(g) 


PM 


Nitrofen 


<l(cMd) 


ll-50(k) 


Protox 


Oxadiazon 




90(g) 


Protox 


Pretilachlor 




20-50(g) 


PM 


Ptopanil 


<l(c) 


l(k) 


psn 


Pyiazoxyfen 




4- 15(g) 


HPPD? 


Pyrazolynate 




10-20(g) 


HPPD? 


P>Tibuticarb 






PM 


Quinclorac 


m 




UK 


Thiobencaib 


l-3(c) 


I4-240(e,f) 


PM 


b. Herbicides wtHi medinm lOcdihood of resistance 




Daimuron 




50(g) 


psn 


Dimethametryn 




150(g) 


PSTT 


Pendimethalin 


3-12(0) 




Tub 


Stmetiyn 




50(m) 


psn 


c Herbicides with high Ufcelibood of resistance 






Bensidftiron-melliyl 




28-56(e) 


ALS 


Fen ox a pro p - ethyl 




5- 14(e) 


ACCase 


Metsull uron-methyl 




7-42(c) 


ALS 


Pyrazosulfuron 






ALS 


d. Hard to classify 








Piperophos 




70(g) 


UK 


QidnocUumne 






UK 



•I 
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The clasaificalkKi ioto risk groups is based on intuitive integration ui'past history of use of tlic hcrhiciile or members 
of its chemica] group, knowledge of its mode of acfkm (or lack of such knowledge suggesting maltq»le sites), ils 

persistence, cnicriL-y :uk1 use patterns. "I ow" -s n it mean tnipossible;liiereaiienieexiiiii|)le8of icsisiancelonMiiy 
of tbe same or related herbicides under monoculture situations. 



a. letter in parendiesis is source. The source is often not for paddy conditkms. 

A blank means thai nd vlala were ftnind in the sources c to h below. 

b. UK - unknown; PSIl-photosystem II; PM - probably multiple t;u-get sites; 
Proiox -proioporphi)r>Tiigen-oxidase: Tub-binds to tubulin, preventing 
microtubule fonnalioti; ALS-acetolactate synthase; ACGsae-aiceQrlCoA 
carhoxyla.<ve; HPPD-/?-hydn^xyphenylpynivate draxygetwe 

c. From Klingman and Ashton ( 1 982 ). 

d. From KuwatBUfca( 1972). 

e. From Anonymous ( 1 9X9). 

f. according to (e); tl/2 is 14-21 U uiulcr aerobic conUiiions, 6-8 months under iuiaerobic conditions; 
accofdkig to (k) and (1) 4Sd in wedaad, 28 ki dqriand. 

I'nini Worihing and Hance (1991). 
h. From l honison( 1993). 

L From Cbiangera£ (1987). 

j. In fields varies considerably: 9-l4d (From SccsinuHi and Oeming (1974); IdiusuDuner, lOdinwinter 

Taiwan paddy (From Chiang et ai 1 987). 

I. From Chen eial. (1<)76). 

m. From Izawa (;/ a/. (1981). 

n. From Obyama and Kuwatsuka (1 976) 



Paraquat resistance has evolved in three Conyza /^yn. Erigemn) species as well as Epilobium 
ciliaium Raf.. Poa annua L., and Lotium perenne L. in various places in the world and in other 
Species in Australia (Powlcs 1993). There are various thoughts on the mode of resistance, which 
may vaiy fiom specnes to species. Theie is often a low level ooss-resistance to photosystem 11 
and diphenylether-type herbicides (Shaaltiel etal. 1988; Clay 1989). 

After more than four decades uf use, 2.4-DMrPA resistance has been reported in Ranunculus 
acris L. and Carduus nutans L. in New Zealand (Bourdot el al. 1989). Recently, 2,4-D 
resistance appeared in ^napis m monoculture wheat (Hall ef ed. 1993). The most disturbing 
resistances are those to virtually all selective herbicides used in wheat. Ahpecurus myosuroides 
Huds tn nlved resistance to chlorotoluron in England and there are new reports yearly of co- 
evolution in other areas (Mo.ss 1 992), I.olium ngidum Gaud, has evolved resistance to diclofop- 
meihyl at many sites in four Australian states with millions of hectares affected (Powles 1993). 
Many of the biotypes of these two weeds have cross-resistance to all otfier wheat herbicides. In 
many instances, diey never saw diese other herbicides. This type of resistance is clearly a threat 
to wheat growing areas worldwide, and we must learn how to prevent similar cases from 
evolving. The recent first instances of isoproturon-resistant Phalaris minor Retz. in India ( Malik 
and Singh 1993; Singh ei al. 1993) is disiui bing as it was exacerbated by rice. Paddying kills 
die seed of most of the winter weeds appearing in double-cropped wheat, except for P. minor. 
This heretofore minor weed became tiie predomhuuit weed tn wheat in India, and isoprotnron 
was used for the past 10 years for its control. Rather large pockets (ca. ^0 km diameter) have 
appeared scattered throughout the green revolution wheat/rice areas, and they are expected to 
expand. 

The first cases of multiple resistance have begun to evolve. Both in Hungary (Pdl5s et al. 1988), 

in England (Moss 1992) and Australia (Powles and Matthews 1992; Powles 1993). Paraquat was 
used to control triazine-resistant Conyza canadensis L. and Epilobium cUiatum, and multiple 
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resistances then evolved. Some of the cases of resistance in Australian Loliiim are clearly 
multiple as well as cross resistance (Powles and Matthews 1992; Fowles 1993). Such multiple, 
sequentially evolved resistances are common with insecticides. We can expect more of the same 
widi weeds, csptdtiHy along treated roadsides where sterilant levels of each herbicide are used 
until resistance evolves. 

Resistance in Rice 

2,4-D resistance. In 1980, about 20 years after 2,4-D was first used, farmers in a northern 
province in die Philippines rq>oited diat the broadleaf weed S^enocloi zeylanica Oaertner 
showed a high degree of tolerance to 2,4-D (Sy and Mercado 1983). Strains of S. ii^4aiUca were 

classified as susceptible, moderately susceptible, and resistant (Migo et al. 1986). Susceptible 
strains were observed in areas with no 2,4-D use while resistant strains were observed in areas 
with high 2,4-D use (one to two applications per year). Both susceptible and resistant strains had 
similar levds of injury withm 12 days of treatment with 0.5 to 1.0 k^a 2,4-D, after whieh the 
resistant stram leoovered while the susceptible stiain died (Mercado et al. 1990). The moderately 
susceptible strain was less responsive to N application than the auaoflptible strain, and had a 
thicker cuticle at the 8 to 10 leaf stages, the stages at which this species is most tolerant to 2,4-D 
(Mercado et al. 1990). However, because the weed is susceptible to early application fbefore 
8 to 10 leaf stage), or to 2,4-D formulations containing a surfactant, resistance is only partial. 

About nine years later (1989) in Malaysia, the sedge Fimhristvlis miliucea (L.) MVahl was 
observed to survive 2,4-D treatments in direct-seeded rice fields where 2,4-D was applied one 
to two times m a season since 1975 (Ho 1992). Resistance to 2.4-D was confirmed at rates 16 
times higher than the use rate (Figure 4). Although both resistant and susceptible biotypes were 
initially injured, the resistant biotype recovered by 2 wedcs after treatment. Both biotypes 
exhibited sunilar size and form of inflorescence. The resistant biotype was cross-resistant to 
MCPA but not to propanil, paraquat, or gliifosmate (Watanabe a aL 1994). 

Propanil-resistant fcAintft'A/tfa spp. Propanil, a herbicide affecting photosystem II in a manner 
similar to triazines and phenylureas, has been widely used in many rice growring areas to control 
Echimxhioa and other grass species. Echinochha crus-gaiU (L.) P. Beauv. in western Greece 

ceased being controlled by standard rates of propanil (1-4 kg/ha). Initial signs of phytotoxicity 
appeared for the first week (like the wild type) but plants later recovered after being treated with 
8 kg/ha (Giannopolitis and Vassiliou 1989). Propanil had been used continuously for 10 years, 
and there was a slight difference in extant of resistance between two resistant biotypes. 

Similarly, after 30 years of continuous use, propanil-resistant E. crus-galli populations were 
found in rice fields in Arkansas. In late 1980s, fanners observed that E. crus-galli in their rice 
fields survived propanil treatments (Walton and Holmdal 1992). From 1990 to 1992, studies 
conducted in the greenhouse and in growers' fields containing infestations of the uncontrolled 
flcnis^gaff/ooajinnedfcsistam to 11 leg /ha, three times the use rate (Smiths 1992;Siiiilfa 
and Bahazar 1 993). More recent reports ui^Bcate resistance to rates six to eight times higher than 
recommended (Carey el al. 1992b; Anonymous 1993a). A survey conducted to determine the 
extent of resistance showed that 60 farms in 1 1 countries in Arkansas had highly resistant 
biotypes 
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Figure 4. 2,4-D resistance in the scd^e Firnhnstylismiliacea. Soil from rice area trated for 
14 years with 2,4-D (compared to an area without putative resistance) was potted, fourteen 
coiicentration wetted, and all other germinuiiiig species removed. 2,4-D was applied 34 
days alter puddling, and survival WM scored. Curves were fitled to the data points in 
Watanalieer ail (1993). 

with only <50% control at 4.5 kg ha (Carey e( ai 1992a). Fields with a rotation scheme of 1 yr 
rice: 2 yr soybean had less resistant biotypes than fields with rotation schemes of 2 yr rice: 2 yr 
soybean, 1 yr rice: 1 yr soybean or oontinuous rice (Carey et al 1992a). Alternative grass 
herbicides that can control resistant E, crus-galH are single treatments of quinclorac, 

thiobencarb, or fcnoxnprop, or tank mixtures of propanil with thiobencarb, pendimethalin, or 
quinclorac. The commencally formulated mixture of propanil + moiinate can control it at two- 
leaf stage but not at later stages (Baltazar and Smith 1994^. 

After 10 years of contfanious use of propanil in Columbia, resistance was rqxxted in 

Echinochloa cokma (L.) Link (Fisdier et al. 1993). Four populations from rice fields treated 
for ten years were compared with two populations where the fields had been treated 
discontinuously, and with a pristine, never treated population. The dose response curves split 
into four statistically (p<0.05) different groups. The discontinuously treated groups had a 30% 
higher 1« than die prietine group and dwee of die 10 year treated material had a 4.7 Ibid 
(average) shift of the U and one population was 8.6 times more resistant (Figoie 5). As with 
E. crus-galli, alternate herbicides can control the E. colona. but no dose-response data were 
presented, so one cannot know if there was a modicum of cross resistance. 
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PROPANIL (kg/ha) 

Figure 5. Different levels of propanil resistance in different populations of Echinochloa 
celona. The dose response curves are shown for a pristine (never treated) population 
OowMT wM line); two poputettons treated diteontimioiidy with propinll fluit m 
rfgnMW'urty Mlfmrmwtt from the previous (lower dashed line): three populations treated fin* 

10 years with propanil (upper solid line), significantly different from the previous; one 
population treated for 10 years (dashed upper line), significantly different from the 
previous. Source: Statistics from Table 2 and graph redrawn using data in Fischer et aL 
0993). 

By analogy with other species, the best hypothesis is that Echinnchlna spp. can elevate levels 
of (anj enzymefs! that degrade(s) propanil, biochemically mimicking rice. This/these enz\Tne(s) 
do not degrade other herbicide chemistries. Preliminary studies by Carey et al. (1992a) suggest 
titat metabolism may be re^K»isib1e for resutance as mdcated by tfie fbllowtng 1 ) resistant and 
susoeptible plants v/en controlled (90%) v/hsa propanil was applied following the carbamate 
insecticide carbaryl. Carbaryl and choHnesterase-inhibiting organophosphate insecticides inhibit 
propanil arylamidasc in rice (Matsunaka 1968); 2) both biotypes appeared to be similarly 
inhibited by propanil (85%) for the first two weeks after treatment, but the resistant biotype 
recovered a wieek laten and 3) extteme rates (>17 kg/ha propanil) can control botfi resistaiit and 
susceptible biotypes, indicating that very Mg^ ntes may overcome the resistattGe mechanism 
(Carey et al. 1992a). Subsequent studies by Carey (1994) confirmed that resistant Echinochloa 
hydrolyzed propanil to 3,4-dichloroaniline and sugar conjugates in a manner similar to rice; 
hydrolysis did not occur in susceptible Echinocioa. There were no differences at the active site 
absorption, or translocaiioii between resistant and susoeptible biotypes. 

Prapanil-reaiatant^, crus^giM has also been found in rice fields near Tarragona, Spain. Recent 
preliminaiy expeimients showed that the most resistant biotype d^raded over three times more 
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propnnil in 2 days than the wild t> pe, leaving less than a quarter of the parent herbicide 
(De?rado and Lopez-Martinez, unpubLJ. 

Mimiciy does not require that tfie same propanil aryl-acylamidase as rice be used. Anoifaer 
pathway could be involved and this should be investigated for pnctical reasons to find a way to 

prevent resistance due to enhanced metabolism. Then, it is possible that another chemical, 
including some alternative herbicides could act as synergists, blocking this metabolism, allowing 
for the continued use of this cost-effective herbicide. 

The data above suggest tiiat it is doubtful if any of diese cases are due to a modification of the 

photosystem II target site, as has been foimd with many weeds, including populations of 
Echinochloa (cf. Gressel et al. 1982). Photosystem II resistance is characterized by an 
immediate resistance that is of a larye increment ( 100-1000 fold shift in I,o ). Non-target site 
resistance is not a new phenomenon with Echinochloa. Populations of E. cms-gaili evolved 
enhanced levels of resistance to triazines in France (cf Tables 3.1 and 3.6 in Gressel a al. 1982). 
After 14 years of treatment, with atrazine in continuous maize, 35% of a population was 
unaffected by 5 kg'Tia Otha Echinodiioa populations evolved plastid level resistance to imich 
higher levels of atrazine. 

Resistance to inMlitton of OMloltctate synthase (ALS). Herbiddes belonging to this group 
are among the fiistest selectors of resistance known. This is because of a high natural mutation 

fipequency to resistance on the gene for the target site, and high selection pressure due to 
exceedingly high persistence of die first released inhibitors of this key enzyme. 

i'here is a possibility that a goodly number of resistant individuals were in rice fields even before 
diese herbicides were used in rice, due to use of ALS inhibitors along irrigation ditchbanks and 
roadways. Indeed, the use of imazapyr along ditchbanks of rice fields in Costa-Rica selected for 

resistance in Ixophonis unisehis (Valverde et al. 1 '^93). Interestingly, in this case most of the 
resistant biot>'pes were negatively cross resistant to the one sulfonylurea herbicides tested 
(suUometuron-methyl). 

One of the causes of lowered selection pressure is unequal distribution of a herbicide after 

spraying. As diffusion in water is much faster than diffusion in soil, spraying flooded rice 
paddies should even t)ut the distribution of herbicides and increase the selection pressure by 
assuring that every susceptible individual comes in contact with the herbicide and is killed. 
Thus, it was no surprise that in the third year of widespread use of beoSttUuroa-methy 1, four of 
die 2000 Califbniia rice growers lepocted stands of two resistant weeds; Sagittarta montevid&isis 
Cham. & Schltdl. and Cypenis dijformis L. fPappas -Fader et al. 1993,1994). The I„ forthe 
resistant Sagittaria increased 600 fold and that for Cvpenis, 30 to 300 fold in different biotypes. 
The resistance was traced in both species to an insensitive target enzyme. The following year 
100 growers reported resistance problems (and probably others failed to report them), both in 
the above two species and in Sdirpus mucmnatus L. and Ammamia coccinea Rottb.. This 
exacerbates a problem situation in California where few herbicides are allowable, as the water 
from the paddies ends up in drinking water, Sotne thiocarbamate herbicides are d^ectable 
organoleptically at concentrations too low for mstrumental detection. 

Similarly bensuUuron'medqrl resistance Bippcsni in Australian rice fields dtree to six years after 
continuous use. In 1993, biotypes of Cypmts d^omis resistant to two to fbur times the 
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recommended rate was subsequently confirmed (Graham t'^ al. 1904). Two other species, 
Sagitiarui nidnievidensis and Damasmiium minus (R.Br.) Buchenau also showed signs of 
evolving resistance to bensulfuron-methyl. 

It is doutitfiil whether ALS-inhibiting herbicides can be used atone (or in a mixture where the 
mixing partner has no effect on some weed species) for more than five years running in any rice 
growing situation, without problems of resistance. There is a good possibility that a mixing 
partner that has some inhibiting effect on a weed controlled by an ALS inhibitor will greatly 
increase the duration until resistant populations are evident. 

Botadilor. ^\xX2ic\\\ov-xts\s\mXEckinochloa ans-galU appeared in China after 30 years of use 
(Huang and Lin 1993). E. cnis-galH evolved resistance to butachlor when butachlor was used 
for more than 8 years (Figure 6). Resistance also correlated with cropping season; i.e., there was 
greater resistance with two rice crops per year than in one rice crop alternated with two rice 
crops, or when Acre was only one rice crop per year, with butadilor used eadi time rice was 
grown. 

Other cases. Biotypes of Echirwchloa cms-galli resistant to qumclorac and others resistant to 
molinate have been foimd near Sevilla and Tarragona, respectively in Spain (De Prado and 
Lopez-Maitinez, mqniblished data). Five resistant EdUnoehioa populations appeared in the first 
year of qdndorac use in soothem Spain, but not in other rice growing areas. The level of 
resistance is variable, but the weeds were resistant to higher than the recommended rates (Figure 
7). The phenomenoloL'v of immediate resistance has caused the researchers to look in to the 
possibility that the resistant populations might he in a separate species or sub-species of 
EtMnodUoa. Conversely, diey could bdong to populations that had been sdected for resistance 
to some otiier xenobiotic, and they are cross^esistant to quindorac. 

HERBICroE USE PATTERNS EM RICE 

So far, there are only a few cases of herbicide resistance in rice, one of the most widely grown 
crops in the world. Why arc liicrc so many more cases of herbicide resistance in maize, wheat, 
orc^iards and roadsides than in rice? It is only when we analyze herbicide use in rioe, tiie 
mixtures used and tfie rotations, and compare ihem with the criteria defining tiie r^>idity of 
evolution, can we partially answer die question about why resistance is so rare in rioe. 

Flooding defines the weed flora of much of the rice cultivated; only those weeds adapted to this 
special agroecosystem can exist The establishment method (traiMplant or seeded, dry or wet- 
seeded) largely affects the weed spectrum as do herbicide efficacy/selectivity; and consequently 

the kind and degree of herbicide use Grasses, predominantly Echinochloa spp. are usually the 
first species that emerge and m ow with rice at the beginning of the season. Broadleaf weeds and 
sedges grow towards the middle to latter part. I hus, all three kinds of weeds grasses, broadleaf 
weeds, sedges pose problems that must be controlled at different times in the course of a 
growing season. 
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Figure 6, Appearance of Echinothfoa cnts-^alli resistant to butachlor. Tlie magnitude 
of resistance is a function of both the total number of treatments treated as well as the 
niimber of treatments per year. Source: Redrawn from Huang and Lin (1993). 
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Fif^tire 7. Different levels of quinclorac resistance in different popuhitions of t'chinochloa 
crus-galli. The weight reduction of the treated plants was related to the weiglu increase 
of untreated plants during the three weeks foUowtaig treatment to final measurement 
Drawn from unpublished data kindly provided by DePrado and Lope^Martinez. 



21S 



Gopyrighlea maieiial 



Pie-emergence herbicides (2 days before seeding or transplanting to 8 days after 
seeding/^splanting) are mainly used for oonlrol of fast genniitating annual grass w«eds in rice. 
Eariy post-emecgence treatments (8 to 20 days after transplantin^seeding) control annual grasses 
and/or broadleaf weeds and sedges. Late post-emergence treatments (20 to 30 days after 
seeding/transplanting) control mostly annual broadleaf weeds or secies. 

Phenoxy herbicides (which have auxin activity at low concentrations), were ihc lust group of 
herbicides used, b^inning in the mid 1940$. The seccmd groi^ (chtoroacetamides, 

thiocarbamates, dinitroaniltnes, diphenylethers ) were developed and used since the 1960s and 

1970s. In 1980s new compounds including sulfonylureas, aryloxy-phenoxypropionates. and 
others like quinclorac. inefenacet. pyrazoxyfen, etc. were introduced. Herbicides developed 
since '.he 1980s have wider application windows and are applied any lime from pre-emergence 
to early post-emergcnoe (i.e. quinclorac) or from early to late post-emergence (i.e. 
sulfonylureas). These newer compounds also have lower use rates» new chemistries, and new 
modes of action compared with the older compounds. The pre-emergence treatments do not last 
through the cropping season and they control mainly grass weeds. Thus, mixtures or sequential 
applications of a pre-emergence followed by post-emergence herbicides are often used. 

The kind and number of hertncides and/or bertiidde mixtures and jqyplications, the degree of use 

(percent area treated) vary among the rice-growing countries. The following discussions will 
highlight specific herbicide uses and trends in weed response that can lead to changing weed 
spectra as well as evolution of resistance in selected rice-growing areas in the world. The 
patterns of herbicide use are often a function of the economic development of user countries and 
the availability of hobicides, which are often inqpcvted. The patterns vary from multiple 
applications and mixtures, to sin^e herbicides, nationwide. 

Patterns in Highly Developed - Hiyh Herbicide Use Coimtries 

U.S.A. The total ncc-growing area m the U.S.A. is 1.1 M ha. in the world it ranks only 17th 
m terms of rice ana but is the 4th highest yield producer (Anonymous 1993b). Rice is generally 
grown as a monoculture except where red rice is a problem. Then rice is followed by two years 
of soybeans and /or grain sorghum (Smith 1989a). 

The U.S.A. is one of the heaviest herbicide users in rice. Since the 1970s, almost every hectare 
of U. S. rice received one heibidde treatmentfha for gra» control, while 80% received a second 
treatment for broadleaf and'or sedge control (Smith and Hill 1 990; Hill and Hawkins 1994). At 

least one treatment is for Ecbinochloa cnis-galli, Leptochloa panicoides. or L. fasciadans 
(Lam.) Gray control. Where grass reinfestations occur or where broadleaf, sedge or hard-to 
control species occur, as many as four treatments are applied; two in early season and two in 
midaeason (Smith 1989b). 

There are 10 single herbicides and 10 herbicide combinations (mostly tank mixtures) used for 
control of weeds in rice in the U.S.A. four for grass control fmolinate, thiobencarb, propanil, 
pendimethalin and fenoxaprop) and five for broadleaf/sedge control (.acifluorfcn, bentazon, 
bensulfuron-methyl, 2,4-D and MCPA) (Anonymous 1992). There are e^t heibicidB nuxtures 
for broad-spectrum control having propanil as the principal ccxnponent in a tank^mix or in 
sequential application with the grass compounds (molinate, pendimethalin, thiobencarb or 
fenoxiqnop) or with broadleaf or sedge controlling conapounds (adfluorfen, bensulfuron-methyl. 
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etc.) to increase \\ cod spectmm and residual activity, as propanit has no residual activity (Smith 
i989b; Smith and Hill 1990). 

Propanil became a mainstay after introduction in southern U.S.A. and California in 1962. Its 
use in southern U.S.A. increased steadily from 15% in 1962, 80% in 1974 (Smith etai. 1977) 

to practically every hectare (80 to 95%) of southern U.S.A. rice areas by 1990s (Smith and Hill 
1990). About 3.4 to 5.6 kg/ha propanil are applied to one to four-leaf E. cfus-galli durinc the 
first 15 to 30 days of rice growth. When reinfestations occur, a second application is made to 
70% of rice in the southern U. S. (Smith and Hill 1990). If the second application is propanil, 
tiien a total of 6 to 1 1 kg/ha are applied per hectare per year. Propanil has no residual activity, 
it is inflective against germinating or unemerged grasses or those that are larger than the four- 
leaf stage (Smith ('/ ul. 1977). Thiocarbamate and dinitroanilino herbicides with residual activity 
are used to coiitrnl /•_' .••r.'fv {^alli ihnt emerges one to three weeks after appHcntion, Molinate 
controls E. cnis-gaiii thai gcnninatcs for the tlrst few days alter applicauv t, I li iwcver, n E. 
cnis-galli germinates over a long period of several weeks, escaping early application of 
herbicides, two qiplicatiaiis of propanil phis one application of molinate may be needed (Smith 
1989b). 

The success of propanil as an effective rice herbicide is largely due to its excellent selectivity 
between rioe and grass weeds based on difiisfential metabolism (Freer and Still 1968; Still 1968a; 
Yih et al. 1968a, b). Metabolic selectivity between emoged rice and grasses is due to &e 

existence of an arylacylamine amidohydrolase in rice. Wliile both rice and grasses abunb and 

translocate propanil rapidly and equally to the leaves (Yih cr (//. 1968a). this enzyme rapidly 
detoxifies propanil by oxidati\e metabolism and hydrolysis (Frear and Still 1968), and b- 
oxidation (Still 1968b). Young rice leaves contain approximately 60-fold greater 
aiylacylamidase than young E. cms gedii leaves, while roots of botii plants contain the same low 
concentration of the enzyme (Frear and Still 1968). Aiylacylamidase activity in 23 rice species 
has been direetK eoirelatcd with the level of resistances to propanil (Chen and Matsmuikn 1 '''S9; 
Matsunaka and Aoyama 1 98 1 ). The biosynthesis of this enzyme in rice is under the control of 
a single dominant gene (Matsunaka 1974). 

The two new^ grass herbicides, quinclorac and fenoxaprop provide excellent (90 to 95%) control 
of propanil-resistant or susceptih'c Ei hiiun hloa cnis-galli. Fenoxaprop is also one t>f the few 
grass herbicides that provides excellent control o\~ icptochloa .spp., grasses which dominate once 
E. crm-galli is controlled within a cropping season. However, caution must be observed with 
use of fenoxaprop; it has rapidly selected for evolution of resistance in many grass weeds. 

Quinclorac was approved for use in 1993 in certain areas in the southern U.S.A. to control 
propanil-resistant Echinochloa mis-galli and other crasses and some broadleaf weeds; however 
it does not control Leptochloa spp. (Anonymous 1993a). There is also one report of resistance 
to quinclorac in EchUiochloa in Spain. 

In 1988, California rice areas received 2 6 herbicide treatments per hectare every year. From 
199D to the present, there were only 1.8-2 treatmentsTia every year (Hill and Hawkins 1 994). 
In California, environmental restrictions allow only five herbicides for rice: molinate, 
thiobencarb, propanil, phenoxys (2,4-D and MCPA) and bensulfiiron-methyl (Hill and Hawkins 
1994). The dianges in use are dq}icted in Figure 8. Furtfiermore, because of drift problems widi 
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phenoxys and propanil, well-water problems with bentazon and thiobencarb, these were eitha 

restricted or 




Figure 8. Changes in herbicide usage in California rice. Note immediate adoption of 
bensiiiriiron-methyl in 1988, at the expense of MCPA, benUzon and thiobencarb. 
Redrawn from data kindly provided by Lyndon Hawkins. 

de-registered for t»e in in Caltfbciiia rioe k«mg mdy molinate ibr grass control and 
bensulfuron^mediyl ibr broadleaf and sedge control (Hill and Hawkins 1994). 

Bensulfuron-methyl was introduced in C alilornia in 1989 for control of broadleaf and sedge 
weeds (Hill et cU. 1990) and was r^idly adopted (Figure 8). It is more selective in rice than 2,4- 
D, has no perceived environmental problems in water (unlike bentazon), and can be applied at 
earlier groNMh stages than phenoxys or bentazon. Nearly 100% of California rice has been 
treated with bcnsulfuron-methyl since 1989 (Hill et al. 1994; Hill and Hawkins 1994). Thus, 
it is not hard to understand why resistance evolved so quickly. Only the phenoxys (2,4-D, 
MCPA) remain available as alternatives; thiobencarb controls Cypents difformis, one of die 
resistant species. Alternative cultural practices and herbicides wiUi different roedianisms of 
acdon will be needed to control these q[)ecies. 

Japan. The total rice area in Japan is about 2 .1 M ha. Most of the rice fields have been treated 
with at least two herbicide treatments;'ha per season since 1975 (Maisunaka 1987). Since 1982, 
64% of the rice fidds received two treatments/ha/season, 19% received 3 to 4 
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treatments/ha;'season, while IS''., received ai least (me treatm«nt/ha/seas(m (Matsunaka 1987), 
totalling 177% treated ha (^hibayama 1994). 

Hie heriiicides used in Japan for rice weed control are almost all granular formulated products 
developed mainly for transplanted, irrigated rice. Before die 1980s, the use of two to three 
sequential ai^lications of different herbicides was the main practice to control the whole 
spectrum of grasses, broadlcaf weeds an J scilges that infest rice during the season. These 
Implications are made at any of the tollowing stages: 1 ) early treattnent or just after transplanting 
mainly for grass contro]; 2) middle treatment applied 10 to 14 days alter transplanting to control 
grasses and certain broadleaf weeds and sedges; and 3) late treatment at 20-30 days after 
transplanting to control mainly broadlcaf w eeds and sedges. In the 1 980s, "one-shot" mixtures 
of two or three herbicides for use once in the season were introduced. They are widely used for 
their broad weed spectrum and long residual activity ( Matsunaka 19S7) and to save on labor 
expenses (Shibayama 1994). One-shot treatments are applied either at pre emergence (soil 
applications) or at eariy post emergence (foliar applications). 

The first herbicides used in .'.ipaii were phenoxys in the 1950s. In late 1950s, pentachlorophenol 
was introduced for control of grasses but was discontinued due to fish toxicity fn 1960s to 
1970s diphenylethers (nitrofen, chlornitrofen) were used as early stage treatmeiu for grass 
control followed by simetryn and thiobencarb or molinate for middle stage treatment to control 
broadleafs and sedges. In 1970s diiocarbamates (thiobencaib and molinate), butachlor, 
chlomethoxynil, oxadiazon, piperophos, dimethametryn, and pyrazolynate were introduced 
(Matsunaka 1987). Bentazon was introduced in 1075 for perennial broadleaf weeds and scdijes 
and the use of phenoxys decreased. Butachlor use staned in 1973 and peaked in 1984 for annual 
grass control and some perennials (e.g. Scirpus jiincuides Roxb.). In 1984 pretilachlor, another 
cfalofoaoetamide was mtioduced also for annual grass ocmtrol but it also controls some broad 
leaf weeds. The following herbicides have been introduced since 1987: pyrazoxyfen, 
benzofemq), dimepiperate, isopropylate, pyrazosulfiiron, mefenacet, bromobutide, and 
chlormeprop (Matsunaka 1987). 

Since 1983 there arc about 12 single herbicides and 23 herbicide combinations, a total of 35 
herbicides and mixtures used for transplant nee weed control (Table 3). The use of single 

herbicides (diloraoetamides, thiocarbamates, diphen>] ethers, phenoxys) declined; the fastest rate 
of decrease occurred in I'^^S" To date, only about 1 1% of rice area is treated with single 
herbicides. Treatment combinations and one-shot treatments have increased steadily since 1983, 
with fastest rate of increase in 1987. in 1991, 84% of the total rice area was treated with one- 
diot treatments; diis foordier increased to 89% m 1993 (Shibayama 1994). A very popular one- 
shot treatment combination is a sulfonylurea (bensulfoion-mdhyl or pyrazosulfiiron) combined 
widl thiobencarb, dimepiperate, or isoproprylate. Rice is resistant to bensttlforon -methyl 
because it detoxifies this compound by O-demethylation on the pyrimidine ring, probably by a 
monooxygenase. This detoxification is enhanced by a mixture with thiocarbamates; thus, 
thiocarbamates provide a safening effect on the rice plant (Matsunaka 1987). In addition, this 
combmation broadens tiie weed spectrum, as tfiiocaifoamates are mainly grass-active ccmipounds 
while sulfonylureas are mainly against broadleaf and sedge weeds. 

Before herbicides were used, hand and mechanical weeding were the only direct weed control 
methods. Echinochloa uiyzicola and Monochoria vaginalis (Burman f.) Kunth were the 
dominant weeds. After introduction of phenoxys (2,4-D and MCPA) in the 19S0s for annual 
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broadleaf and sedge control, E. on^zicola became dominant. In the 1960s, pentachlorophenol, 
nitroten, and chlomitrofen were used against E. oiyzicola and other annual weeds but a perennial 



Tabic 3. Herbicide use in rice in Japan. 



Herbicide 


Area 
treated 
(lOOOha) 


Herbidde 


Area 
treated 
(lOOOlia) 


SEQUENTIAL TREATMENTS 


ONE-SHOT TREAXMENTS 




Pre-plant (pre-emergence) 




One-shot pre-emergence 




Oxadtazon 


61 


BensuUuron-mediyl + 

dimepiperate 


68 


Oxadiazon + butachlor 


194 


Bensulfuron-methyl + 

preiilachlor 


59 


Hoil applied (pre-emergence) 




Bensulfuron-methyl + 
thiobencarb + mefenacet 


491 


Butachlor 


76 


Pyrazolynate + butachlor 


76 


Chlomethoxyfen 


85 


Pyrazolynate ' pr^achlor + 

dimethametryn 


27 


Chlomitrofen 


266 


Pyrazosulfuron pretilachlor 


19 


Chlomitrofen -i- daimuron 


101 


Pyrazoxyfen + pretiladilor 


23 


Ptetilachlor 


93 


Pyrobuticarb + bromobuttde 

+ benzofenap 


43 


Thiobencarb + chlomitrofen 


33 


One-shot early 
post-emergence 




Foliar or soil-applied 




Bensulfuron-methyl + 


229 


(pre-emei^ence or 




esprocarb 




post-emei^iice) 








Bentazon 


36 


Bensulfuron-methyl + 
nieteiuicet * daimuron 


510 


MCPA-lhioeiliyl ^ simetryn + 


16 


Naproanilide -r bromobutide 


32 


dimethametryn 




+ rnrfCTacet 




Molinate + simetryn + MCPB 


153 


Pyrazosulfuron + mefenacet 


219 


Piperophos + dimethametryn 


19 


PyrazosulftDon + esprocarb 


59 


Thiobcncnrb ~ simetr>'n 


36 






Thiobencarb + simetryn + 


74 






MCPB 








Folitt' ai^Ked (post- 








emergence) 








Quinoclamine 


26 






2,4-D 


98 






MCPA 


112 






Propanil 


11 






Bentazon + 2.4-D or MCPA 


19 







Source; Anonymous (1993c); Shibayama (1994) 
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sedge, EleochaHs acicularis (L.) Roetner & Schultes, became dominant. In die 1970s, 

diiobencarb, simetryn, and molinale were used for control of Eieocharis and other annual weeds. 
This resulted in increase of a perennial broadleaf. Sagiirarki pvgmcu-u Miq and the perennial 
sedges, Scirpiis iuiicnidcs and Cypenis serotinus Rottb.. which became the dominant species in 
the 1980s. One-shot treatments consisting ot combinations of sulfonylureas (bensulfuron-methyl, 
pyrazosulftiron) for broadleaf and sedge control plus a grass compound (i.e. pyrazolynate, 
butadilor, liiiobencait), pretilacblar, mefenacet, eqirocarb) were lutroduoed for bolh annual and 
perennial grasses, broadleaf weeds and sedges. In the late 1980s the dominant species shifted 
to another perennial broadleaf, Sa^irraiia thfolia L. and a perennial scdL'c. Eieocharis kuroi*HM ai 
Ohwi. which are both naturally resistant to all exi^tni i herbicides. One-shot herbicide 
treatments have dominated since the start of the 1990s. Annual broadleaf weeds and sedges are 
also increasing in dominance (Matsunaka 1987; Shibayama 1994). 

To date, there is but one report of a weed evolving resistance to herbicides in rice in .lapan. A 
case of Echinochloa colona resistant to propanil was found in 1986 (LeBaron and McFarland 
1990). Clearly, this has not become a major problem as there are not yet any primary 
publications on this or further incidents. 

Republic of Korea. Korea is one of the most intensive users of rice herbicides in Asia. 
Although there was very minimal herbicide use for rice weed control before 1966, use of 
herbicides picked up and increased steadily since late 1960s. In 1977, 65% of the total rice area 
was treated v^th herbicides (Kim I98I). This increased to 1 15% in 1981, 130% in 1986 and and 
to 142% in 1991 (Kim 1994). Currently, 140% of the total rice area is treated with heibicides, 
indicating tiiat .some areas receive two treatment&'Tia in a growing season Tfic first herbicides 
used in the mid-60s were the phenoxys (2.4-D. MCPA) and pentachlorophenol. In 1970, 
butachlor, propanil. thiocarbamates ( thiohencarb. molinatel and diphenylethers were introduced. 
The chloroacetaniide butachlor was the leading herbicide used since 1970s and had 80% of the 
market until the mid-1980s (Table 4). In late 1 9808» the use of single treatments like butachlor 
decreased. By 1991, the area treated with butadtlcn* decreased to 36% of total rice area. From 
late 1980s into 1990s, new compounds like sulfonylureas were introduced, and use of mi.xtures 
of sulfonylureas \\ ith old or new compounds increased from 3.5% in 1981 to 79% of total rice 
area in 1991 (Kim 1994). 

From only two mixtures in 1981, tiiere are now Onuxturesused. Two of die main components 

in these mixtures are sulfonylureas (bensulfuron-methyl or pyrazosulfuron). The most popular 
of these are butachlor + bensulfuron (23% nf treated area), butachlor + pyrazolynate (12%), 
butachlor + chlomethoxyfen (5.8%), bcnsulfuion ■ mefenacct (5.5%), and pyrazosulfuron + 
butachlor (5. 1%) (Table 4). Thus, butachlor is still the most popular among the grass herbicides 
used, albeit now in mixtures (Table 4). 

Weed shifts tolenince due to herbicides. There are yet no reports of weeds evolving resistance 
to rice herbicides in Korea, despite intensive use since the l^TOs. However, shifts in dominant 
species have occurred in response to herbicide use. Before herbicides were used in the mid- 
1960s, die donnnant species were tfie annuals Echfyiochloa crus-gatH and Monochoria vaginalis. 
After oontuiuotts use of single treatments of chloroacetamides, thiocarbamates, diphenylethers, 
and phenoxys for control of annual species from mid-1960s to 1980s, perennials increased in 
weed populations and constituted 54% of dominant species in the 1980s. From the 1980s to the 
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Table 4. Cbanges In herbicide use in rice in Korea' 



ueroiciae 


1 reaieo 


uerDiciue muiure 


ireateo 




1 

area 




area 




(y«) 




(/•) 


1981 








Butadilor 


82.8 


w^* 1 ■ 1 ■ <1 ^ 

Piperphos + dimethametryn 


3.2 


Thiobencarb 


10.9 


Molinate + simebyn 


0.3 


Prctilachlor 


2.5 






Oxadiazon 


1.9 






Nitrofen 


5.2 








103.8 




3.5 


1986 








Butachlor 


80.0 


Butachlor chlomethoxyfen 


4.7 


Thiobencarb 


4.5 


Butachlor - p>razoIynate 


R.l 


Pretilachlor 


5.2 


Piperophos f dimeihamctryn 


2.7 


Oxadiazon 


4.9 


Molinate + simetiyn 


23 


Chlomethoxyfen 


2.0 


Thiobencarb + naproanilide 


1.3 


Bifcnox 


1.2 


Pretilachlor + naproanilide 


1.2 


Chlomitrofen 


1.1 








101.7 




23.6 


1991 








Bentazon 


7.8 


Mefenacet -f bensulfuron-meuiyl 


5.5 


Butachlor 


35.6 


Butachlor + chlomethoxyfen 


5.8 


Thiobencarb 


2.0 


Butachlor + pyrazolynate 


12.4 


Pretilachlor 


6.9 


Butachlor + bensuliuron-methyl 


23.2 


Oxadiazon 


5.4 


Quinclonus + bensulfbioo-tiietfayl 


2.8 






Pretilachlor + bensuliuron-methyl 


4.7 






Molinate + pyrazosulfiiron 


3.3 






Thiobencarb + pyrazosulfuron 


3.2 






Butachlor + pyrazosulfuron 


5.1 






Quinclorac bentazon 


2.6 






Quindorac + pyrazosulfiinm 


1.0 






lliiobencarb + bensulfuron-methyl 


2.4 






Dithiopyr + bensulfuron-methyl 


0.3 






Mefenacet + bensulfuron-methyl + 


2.6 






daimuron 










76.4 



Source: Kim (1994) 

' Does not include use of other herbicides which was 7.5% of treated area in 1981 
and 4.6% in 1986, consisting mainly of bentazon, and other unspecified herbicides. 
' A sum of more than 100% of area treated indicates diat some areas were treated two 
times. 



present, the use of single treatments decreased and herbicide mixtures increased, mainly for 
control of perennial species, in the 1990s, dominant species still consisted of 60% perennials 
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and the rest were annuals. The perennial species include Sai^ithin'a trifolia, Suj^ittaria pygmaea, 
Eleocharis kuro^wai, Potamogeton distinctits A. Bennett, Scirpusjuncoides, Cyperus serotinus, 
ajodRotala indka (Witld.) Koehne. biterestingly, despite the oootinuoui use of treatments for 
control of annuals, E. cms-gaiU and if. vaginalis are still dominant. Similar to Jzpan, the 
peramials Eleocharis kumgKwai and Sagittaria trifolia are considered the tCloA difficult to 
control weeds because the v eeds (terminate much later than othCT species, escaping pre- 
emergence or early treatments (Kiin 1994). 

Areas witb Ditennedlate Use Patterns 

Giina and India typify developing countries with disparate use patterns within the countries. In 

the more advanced, intensively Lultlvated rice areas in both countries, large amounts of 
(typically older) herbicides are used, in other areas, herbicides are not used, despite weed 
problems. 

China. Herbicide use in rice started in late 1950s with nitrofen andpentachlorophenol for annual 
grass control (I.i and Pei/.hen 1904; Zhang 1992). In 19'^4. the area treated with herbicides was 
about 2.7 M ha. This increased to about 10 M ha in 1991, which is about .>5" (j of the total rice 
area, and is expected to increase by 1 M ha every year. Zhang (1992) estimates that by the late 
19908, herbicides will be applied to more than 60% of the total rice area. In some miyor rice 
regions, heibicides are treated to all the paddy fields, twice in a ending season (Zhang 1992). 

I he principal herbicides used for the last tliirty years or so arc nitrofen, propanil, butaehU)r, 
thiobencarb, molinate and oxadiazon; all mainly for annual grass control (Zhang 1992), while 
MCPA is widdy used for control of aimual broadleaf weeds and sedges. In 1992, use of MCPA 
decreased while bentazon or bensulfwon-methyl use increased (Zhang 1992). Newer 
compounds used since 1990s also include quinclorac, which has excellent activity against E. 
cnty •.•(lUi nnd moderate activity against Monochnria nii!;iiuilis. Quinclorac tank-mixed with 
bensulluron-inethyl is a recently introduced "one-shot" tteatment applied from pre-emergence 
to mid-post-emergence for control of E. cms-gull i and M. vaginalis. Daimuron applied pie- 
plant incorporated is used to control tfie perennials Scirpm planiculmis Fr. Schmidt «^le diuron 
or jHxnnetryn applied post-emergence are used against Potamogetm distinaus (Zhang 1992). 

There has been no other e\ olution of resistance in China other than to butachlor. However, 
weed shifts in response to herbicide use iiave been observed. Before herbicides were used, the 
prevalent weeds were mostly annual grasses. Continuous use of herbicides for control of aimual 
grasses shifted the dominant spodcs from grasses to broadleafs or s^ges and from annuals to 
perennials such as Sai^iftaria pvf^maea, SagitUuia sa0tt^lia L., Scirplis pianiatimis and 
Potamogeton distinctus (Zhang 1992). 

Taiwan. Heibicides were used since the late 1960s in the 430,000 ha, mainly transplanted rice 
(Chiang 1992). By the end of 1970s and to the present, practically all rice areas were treated 

with herbicides fChen and Wany 1985; Chiani: 1*^S1). Butachlor is the most widely used 
herbieiilc since the 1970s ( Chiang 1992). In 1991, butachlor, applied alone was used on 47% 
of the total i icc aiea while butachlor applied in tank mixtures with other herbicides was used on 
another 35% of the total rice area. The percent area treated with butachlor mixtures are as 
follows: butadilor+ chlomethoxynil (18%), '*' bensulftnron-methyl (6%), + oxadiazon (5%), + 
chlomitrofen (4%), and + daimuron (2%). The rest of the rice area is treated witii 
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pyrazosulfuron (5% of total rice area), oxadiazon (3%), chlomitrofen (2%), bentazon (4%), and 
odiers (8%) (Chiang 1992). 

Butachlor applied pre-emergence or shortly before or after transplanting /scedine controls most 
annual grasses especially £. avs-galli. It is most active when applied from germmation to one- 
leaf stage and is less effective on less susoq>tible species like M. vaginalis and Scitpus juncoides 
if applied at later stages (Chiang 1992). Bentazon is qpplied to 4% of total rice area for control 

of perennial broadleaf weeds and the sedges Sagittaria trifoUa and S. pyi^maea. Pheno.w s (2,4- 
D and MCPA) are seldom used. In the 1990s, the use of sulfonylureas (bensulfuron-methyl and 
pyrazosulfuron) is increasing because of their wider application windows, which is from pre- 
emergence to mid-or late post-emergence (Chiang 1 992). 

bidia. The total area treated with herbicides was 2.7 M ha in 1989 (26% of the developed rice 
area) and increased to 3.7 M ha (36% of developed area) by 1994 (Anonymous 1994a). About 
5 *^ to 65"'n of these areas are found in the north where irrigated transplanted rice is the main crop; 
mainly in i'unjab, Haryana, western Uttar Pradesh, and smaller areas in Jammu, Kashmir, 1 omil 
Nadu, and Andhra Pradesh. In the remaining 35 to 45% herbtdde''treated areas, 19-23% is in 
die east ztme, 15-20% in south, ami 1-2% m west zones. Herbicide use is not common in rainied 
rice or in the rice areas of northeast and south India. 2,4-D is used for broadleaf control where 
needed, and 1000-1500 tons of butachlor are used for grass control, with a third as much in 
thiobencarb and anilophos, with use of the latter increasing and the tonner decreasing (Sabrawai 
andRatta 1993). Many areas in the green revohitioa rice districts have used tmt^ 
year after year. 

Areas with Extensive Herbicide Vse 

Data on use patterns are hard to obtain for these areas, and the variability of use is great. In each 
one of these developing countries there are some areas of more intensive, high input agriculture 
and more areas of low input. 

The use patterns are similar in these countries; the general trend is towards greater use of 
herbicides in irrigated, transplanted rice than in rainfed, direct-seeded rice. However, more 
intensive use (per unit area) is expected (and already observed) in wet-seeded areas where the 
absence of crop rows in broadcast pregenninated rice makes cultural control methods expensive 

as well as inefficient, and leaving chemical control as the best altemat:\ e \'ery little or no 
herbicide is used in tlryland rice. The greatest herbicide use is probably in Malaysia, Tliailand, 
and possibly the Philippines and Sri Lanka; while lesser use is observed elsewhere. 

The continuous use of herbicides for oontrol of annual grasses and broadleafi'sedge weeds results 
in a shift of dominant species from annuals (E. crus-galli, M. vaginalis) to perennials like 

Paspalum distichum L., Scirpus maritimus L. and Pistia stratiotes L. in certain southeast Asian 
countries (Kim and De Datta 1974; Dc Datta 1977, 1981). 

The dominant weed problems in Latin America are red rice, Eckinodiha cahna^ E. crus-galU. 
and certain sedges (Labrada 1992). E. colona is found in almost all of these countries. E. cn4S- 
galH andf. cms-pavonis (Kunth) Schult. are not found in Central America, but are the major 
species in Caribbean and South American countries. Populations of Ischaeinum niijosum Salisb. 
(a perennial grass), are increasing in almost all C^bbean, Central America and South American 
countries because this weed emeiges mudi teter after rice onergence and escapes early herindde 
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treatments f Aguerc^ I OB 5 ) In irrigated areas, Eichhornia crassipes (Maitius) Solms-Laub. is 
increasing in dominance (.Labrada 1992j. 

Thafland. The area treated widi herbicides is 10 to 20% in transplanted rice which constitutes 
60% of tiie rice area, 80% in wet^eeded rice (15% of area), less than 1 0% in deepwater rice and 
none in dryland rice (DeDatta 1989). Handwecding once or twice in a season is the common 
practice, especially in transplanted rice ( 25% of area). Thus, only a small (but high yielding) 
proportion of I hai rice is heavily exposed to herbicide use. 

The most widely used herbicides (fixnxi highest to lowest) are: 2,4-D, butachlor, pretilachl<M:, 
tiiiobencart>,propaniI, propanil + molinate, fenoxaprop, bensulfuron, oxadiazon, pcndimethalin, 

2,4-D + propanil, quinclorac, piperophos dimethametrvn metsulfuron-methvl, jiid molinate. 
I'he use of quinclorac, fenoxaprop, bensuifuron-mcthyl and metsulfuron-meihyl has been 
increasing since 1 989 (Vongsaroj 1992, Anonymous i994b). 

Philippines. In 1 980, about 1 .2 M ha of rice areas were treated with herbicides in ihc wet season 

(40% of rice area) while 0.8 M ha ( 20%) were treated with herbicides in the dry season (De 
Datta 1980). Based on herbicide sales reports from 1987 to 1989. the area treated with 
herbicides lo date is still esimiated to be 1.2 M ha (Cruz 1990). Herbicides used in the 
Philippines include 2,4-D, butachlor and pretilachlor as most widely used; also MCPA, 
oxadiazon, thiobencarb, iMt}panil, bentazon, pendimethalin, oxyfluorfen, bensulfiironHnettiyl, 
and connnercial mixtures of 2,4-D with either butachlor, piperoi^os, or thiobencarb (Craz 
1990). 

Malaysia. From the iy70s to 1980s, there was only limited use of rice herbicides (Saharan 1977; 
De DtMA 1980). From the 1980s, 2,4-D was die major herbicide used; it was applied once or 
twice by most farmers in direct-.seeded rice and alsi> in transplanted rice. Herbicide importation 
data from the Muda .Agricultural Development Authority reported that of the three herbicides 
imported (2,4-D, MCPA, paraquat i. 94",, was for 2,4-D. which was used in the Muda irrigated 
rice schemes in 1980 (Baki and Azmi 1992). In 1983, the amount of 2,4-D decreased to 71% 
and to 34% in 1988. During the same period, the use of molinate increased from 3 to 32% (of 
total amount imported), thiobencarb from 0 to 4%, jKopanil from 0 to 2%, and others 
(oxadiazon, MCPA, propanil + naotinale) from 0 to 2%. Paraquat (26%) is also still widely used 
(Baki and Azmi 1992). 

Sri Lanka. Twenty-five percent uf the rice area is transplanted, 70% is wet-seeded, while 1 to 
5% is dry-seeded. Of these, 63% is irrigated rice while 29% is rainfed. In transplanted rice, 10 
to 100% of rice area in different areas is treated with herbicides. In broadcast-seeded ( wet- 
seeded) rice, haiulw ceding or mechanical weeding is expensive and inefficient, thus, 90 to 100"o 
of these areas are treated with herbicides. No herbicides are used in dry-seeded or dryland rice 
(De Datta 1989;. MCPA, 2,4-D, propanil and butachlor are most widely used. 

PROGNOSES FOR RESISTANCE 

The previous sections have described the factors controlling: herbicide resistances in weeds and 
described how these interacted to bring about resistant populations of weeds, mainly in other 
crops, but also in rice. Could those few cases that evolved in rice have been prevented .' 1 low? 
What rice herbicides are at ride from further resistance and which common rice weeds are the 
ones most likely to evolve resistance? We try below to integrate all this previous information 
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to try to answer these questions We will do so hy chemical group, and a bottom line summary 
is found in Table 2. The decisions tor placement in risk categories are based on past histories 
wiUi given chemistries and target sites, the heibicide persistence, efficacy on weeds not 
ccRitroUed by mixing partners, selection piressure, etc. It is surprising how much less infcmnatioa 
is pubh'shed on the site of action and even persistence of rice herbicides compared to herbicides 
used for other crops. The least available information is for herbicides not registered for use in 
the U.S.A., which does lead to questions. One wild card in our prognostication is the inability 
to estimate whether a weed has die genetic capacity to evolve metabolic resistance that will 
allow it lo degrade the hertiicide. It may seem daunting or pnnm'sing, depending on outlook that 
we have placed some rice herbicides with verified resistance in the low risk class. That is 
because of the time it took for resistant populations to evoh e, despite widespread use, as well 
as a feeling that a minimum of resistance management planning can preclude problems of 
resistance. 

Prognoses for Particular Herbicide Groupings 

Phenoxy herbicides - low risk. 2,4-D, MCPA, and MCPB have been used for many years. 
They are probably multisitc inhibitors or ifsinule site, then resistant individuals are probably 
highly untlt. These herbicides are often considered to be "auxin like" because of auxin type 
action at low concentrations and growth deformations at higih oonoentrations. Qutnclorac, diie 
to similar symptomology is ckissified in this category (Worthing and Hance 1991), yet 
quinclorac does control grasses while 2,4-D, MCPA.''B do not. Except for quinclorac, the 
phenoxies have low persistence allowing late flushes of susceptible weeds to develop They do 
not give perfect weed control, but in many situations give cost-effective control. If farmers try 
hard enough, they can and do get resistance, but a mininnun of caution (often fbr^tous) has 
prechided evohition of resistanoe elsewhere; e.g. crop rotation or use of another groupuig about 
every 5 years. The phenoxy herbicides would make good mixing partners with any low risk 
herbicides wnth a similar weed control spectrum. They would also make good partners for high 
risk herbicides having the same biological persistence, including for the broadleaf weeds and 
sedges inadequately but partially controlled by phenoxy heriHoides. 

Thiocarbamates • low lisk. Thiobencarb and molinate have been used for a veiy long time 

without major resistance problems. Presumablv csprocarb. pyrobuticarh. and dimepiperate have 
the same multiple sites of action and short biological persistence, all properties that lower risk. 
Still, farmer persistence has made up for lack of biological persistence, and some grass weeds 
of small grains have evolved resistance to triallate (a thtocafhamate) in wheat and to molinate 
in rice, after decades of non-stop usage, in limited areas. Caution should not be thrown to the 
wind. Previously described results have shown that there is a complimentarity between 
thiocarbamates and propanil in killing resistant Echinochloa. Presumably such mixed 
formulations w ill provide effective protection against evolution of resistance to both herbicides, 
for a very long time, if tfiey are used. 

Acetamides - low risk. Chloroacetamide herbicides are among the most widely used grass 
killers available, and have been used for many vears. No cases of resistance ha\ e been reported 
following direct selection by these herbicides. Still, these herbicides arc degraded in crops, and 
the degradation pathways can be stimulated to high^ levels by chemicals (so called herbicide 
safeners, antidotes or protectants). Indeed, fenclorim is used to safen preticlachlor in rice. 
Pretilachlor and butachlor are used mainly against grasses but also control some broad-leaf 
weeds and sedges. There is good reason to expect that some weed will evolve elevated levels 
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of the enzymes that degrade the chloroacetamides used in rice. Indeed, two Lolium rigidum 
accessions selected for resistance mainly to triflurahn had an approximate 6 told cross-resistance 
to alachlor, metolachlor and propachlor, as well as to herbicides of other groups (Burnet et al. 
1994). Butachlor has tie saving grace of having a relatively shcnt biological persistence, which 
should delay the evolution of resistance to grass weeds having multiple flushes of germination 
throughout the season. 

There is no information about whetiier phenylacetamides such as mefenacet or hutylaraides such 
as bromobutide have tfie same target(s). 

Protoporphyiinogcn oxidase (protox) inhibitors and other bleaching herbicides - low risk. 

Diphenylcthcr t\pe, as well as various herbicides with diverse chemistries inhibit the chloroplast 
isoform ot this enzyme. 1 he rice herbicides inhibiting this enzyme are chlornitrofen, nitrofen, 
and oxadiazon. (Nitraliai has been removed from Hot market). Scmie pyrazole herbicides are 
known to inhibit this site (Sherman er al 1991) but others do not (Schulz et al. 1993). The 

^mptomology of bleaching of Aepyrazolcs used in rice suguvsis that benzofen^, pyrazoxyfen 
and pyrazolynate inhibit the enzyme /7-hydroxyphenoxyphcin Ipyruvate dioxygenase and not 
protox. Weeds are not known to have evolved resistance to any of the protox inhibitors under 
selection pressure of these herbicides, although weeds that evolved to another photooxidant 
generating heibicide have a small amount of cross-resistance to herbicides of this group 
(Shaaltiel et al. 1988). Algal mutants with a dominant target site mutation conferring resistance 
to protox inhibitors have been isolated fOshio ct ul. 1093) Thus, it ma> be a matter of time until 
such mutated populations appear in higher plants, unless the mutntion is highly unfit. It should 
not be easy to evolve a metabolic resistance to any bleaching herbicides. Some herbicides kill 
slowly, and the plant has time to detoxify them and recover. The death from protox inhibitors 
and otiber bleadimg herbicides is very rapid and these herbicides would have to be rapidly 
degraded so as not to damage the weed. Still, rice must have the capacity to do so, so weeds 
could mimic the rice. Oxadiazon in theory should be a good mixing partner for any at risk 
herbicide with a similar weed control spectrum, because of its long duration of biological 
persistence. 

Photosystem II inhibitors - low and medium risk herbicides. Bmtazon, propanil 

dimethametrj'n, simetr)Ti (and possibly daimuron^ all ha\ e as their primary site of action the D- 1 
protein of photosystem 11. Target site mutations at this site are exceedingly rare. It took a 
decade of repeated treatmrats of tois of millions of hecbues of nnize, roadsides, and groves 
widi die most biolc^cally persistent of these herbicides for resistance to evolve. Based on this, 

there is a very low risk of evolution of those PSll inhibitors that are short lived, such as propanil. 

Still, there are other ways to evolve resistance to these herbicides, and that is what seems to have 
happened with propanil There is no cross resistance to other PSll herbicides, and propanil 
resistant weeds initially show signs of inhibition belbre recovering, both suggesting that 
resistance is metabolic and not target site. The very long persistence of dimethametryn, and the 
fact that all species resistant to PSII herbicides were selected by s-triazine herbicides such as 
dimethatr>n and simetiyn, suggests that they should be classified as medium risk. Their lowtO 
medium risk render them good mixing partners, when other criteria are met. 

Tubvlin binding herbidde-poiiUmctiialin - medium risk. The medium risk dinitroaniline 

herbicides are widely used for grass control. There are no reported cases where resistance has 
evolved to this group where they were used m rotation. Conversely, monoherbicide use lead to 
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target site resistance in two major grass weeds and to a seemingly metabolic resistance in 
another. The long persistence ol pendimethaHn means that it exerts season long control and thus 
a high selection pressure. The possibility of its use in wheat in wheat/rice double cropping is 
ominotis, unless diere will be herbicide rotation. The long persistence also tndicatea that it will 
be problematic to find mixing partners Aat will meet tiie criteria delineated above for weeds 
germinating in multiple flushes. 

Acetolactate synthase (ALS) inhibitors - high risk lor resistance. The rapidity with which 
many weeds in yAieat, soy, rice and along roadsides over large areas have evolved resistance to 

this group of herbicides is ominous. Both target site and metabolic resistances have appeared. 
The long persistence of the major ALS inhibitor used in rice (bensulfui on-methyl) means that 
it will be hard to find a mixing partner of lesser risk, w ith a similar persistence. No potential 
mixing partner has the same weed spectrum. The simultaneous use of bensulfuron-methyl with 
dimethametryn for broadleaf weeds and pendhnBlhalin, oxadiazon and/or tfaiobencarb(on paper) 
may give an adequate overlap ofweed spectra and persistence. It is probably unadvisable to use 
any ALS inhibitor in more than one out of three years in rice monoculture from a resistance 
management point of view This should be sufficient to set back those weeds not controlled by 
other herbicides, and keep these excellent herbicides aiound for a longer period. WTiether such 
rotations will allow for a greater numbCT of ALS-inhibitOT treatments than monoherbicide 
culture, until resistance evolves, is an open question. Still, it will delay resistance until more 
shorter persistence ALS inhibitors come on market. In theory, these should exert less selection 
pressure and thus delay the Miration of use until resistant weed populations evolve. 

Acetyl CoA carboxylase (ACCase) inhibitors - a high risk group. Fenoxaprop-ethyl is the 
only ACCase inhibitor being marketed for rice at present It is already widely used in wheat 
(with a safener) and has selected for resistance in the grass weeds that it heretofore excellently 

controlled. This is despite the short persistence of all ACCase inhibitors, which are mainly 
foliarly active. Thus, any grass weed that has, a single Hush treated with ACCase inhibitors is 
likely to evolve target site or seemingly metabohc resistance, as has happened elsewhere. There 
are several grass-killers that are not as risky that are potential mixing partners. One must be 

careful of inter-hcrbicidc antagonisins. Many ontagpniams have been r epo rt ed between ACCaae 
inhibitors and o^er wheat selective herbicides. 

Hard to classify herbicides. Too little is published about many grass herbicides to classify 
them. We tentatively classify naproanilide as low ride, baaed on its low persistence. 
Quinodamine, a quinone, probably inhibits PSn in plants (based on its structural similarities to 

other quinone herbicides). It can probably also inhibit other plant pathways as it is also a 
fiinizicide. and fungi lack photosynthesis. Thus, it may be a low risk herbicide. The site of 
action of piperophos, an organophosphate herbicide, has not been reported. With its very long 
pei»stence it should exert strong selection pressure. Strong selection pressure is tmmatwial, if 
there are no genes for resistance in the weeds. Rice has the genetic capacity for resistance to 
piperophos and insects have rapidly evolved resistance to oiganophosphate insecticides. If diis 
hobicide is overused, there may be resistance problems. 



228 



Cci , y M:ed material 



Prognoses for Resistance to W i(lel\ I scd Herbicide Mixtures 

A large niimbei vit the mixtures in use for rice contain herbicides that separately control 
broadicat weeds, sedges and or grasses. The herbicides in such mixtures have no overlapping 
weed spectra and dius each heibicide should be considered separately. Other mixtiires should 
be analyzed against ihe )»edonunant local weed spectra. 

Weeds Most Likely to Evolve Resistance 

The history of weed control is firaught with cases wlicre minor weeds became major weeds after 
older, low ride herbicides controlled all their competitors. The newer, high risk herbicides 
controlled tfiem, and selected for resistance. This seems to be what happened in California with 

bensulftiron-methy!. Prinr to its use, Sagittaria montevidensis and Cvpenis dijformis became 
problem weeds, which hensulfuron-methyl excellently controlled. As stated before, the best 
recommendation that can presently be made is to use the at risk herbicide a single time, not more 
often than once in three years, when the problem weed gets out of hand. We discuss below other 
such weeds that may evolve resistance problems are they are controlled by only a lew or by at- 
ridc herbicides. 

Grasses. Echinochloa spp. are probably the maior problem species in rice and are a major target 
for herbicide development because of inadequate control. I hus, very large populations of seed 
must be present ftom which to select resistance whenever a new herbicide is introduced. 
Echinochloa crus-gaHi has already evolved resistance to triazine herbicides in four European 

countries, two states in the K S A. and in Israel (I.eBaron and NfcFarland 1990). F. colona 
biotypes resistant to propanil have been found in .lapan and C'tihimbia (LeBaron and McFarland 
199D) and more cases should be expected, considering the widespread usage of this herbicide. 

Thus among grasses, Echinochloa spp. remain with the "highest ridc^ particularly with the 

possibility of more evolution of propanil resistance. One of the herbicides that excellently 
control the propanil-resistant biotype, fenoxaprop-ethyl, is a high-risk herbicide. Cases of 
resistance in Echinochloa spp. to two alternatives, quinciorac and molinate have been i epoi led. 
if molinate (a thiocarbamate) remains the only grass herbicide used in California, resistance 
problems may likely appear. In the southern U.S. pendimethalin can be used besides 
thiobcncarb, while Asia has several more low risk choices from two chemical groups (butachlor 
and pretilachlor, chlomitrofen and other diphenylethers), in addition to thiobencarb and 
pendimethalin. 

The use of the high-risk herbicide fenoxaprop-ethyl may remain the only alternative to control 
other problem grasses, Leptochloa spp. and Ischaemum rugosum. The currently used herbicides 

that control Echinochloa spp. either provide only partial control of Leptochha spp., (propanil, 
molinate, butachlor. pretilachlor) or totally fail to control it (quinciorac). Thus, in the course of 
a growing season, once Echinochloa spp. are controlled, Leptochloa spp. predominate. The 
build-up of L. panicoides and L fasdcularis was observed in the U.S. and of Lqnochloa 
dmensis (Roth) Nees in certain parts of tropical Asia. Thiobencarb and fenoxaprop-ethyl are 
the two currently registered grass compounds left as alternatives for control of Leptochloa spp. 
Of these, fenu.xaprop-ethyl controls it excellently but is a high risk, resistance-prone compound. 
hclmcmum mgosxim populations are increasing in Latin America and certain parts of tropical 
Asia. In Latin America, this weed gominates much later than rice and escapes preemergence 
treatmems, leaving die post-emcfgmoe high-risk grass herbicide fenoxaprop-ethyl as probably 
the only alternative. 
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Broadleaf weeds. Populations of perennials are huiltiing-up, due to the continuous use (^f dldcr 
herbiciJes ( i.e. phenoxys) for the control of annual broadleaf weeds. Two difflcuh to control 
perennial broadleaf species are increasing in populations in temperate Asia; ilagittaria trijolia 
and S, pygmaea. Of the herbicides used for broadleaf control (2,4-D, MCPA, bentazon, 
benstdfuron-mediyU pyrazosulfuron ), the resistance prone sulfonylureas are probably die best 
alternatives in terms of eftlcacy. This is probably the case in Taiwan, where phcnoxys are 
seldom used leaving beniazon and sulfonylureas as alternatives. Because Sagittaria 
momevidensis has been quick to evolve sulfonylurea resistance in California, there is also a great 
probability diat Sagittaria species {S. trifolia and 5^. pygmaea) will evolve resistance elsewhere 
to die sulfonylureas. 

Difficult to control perennial sedges, Eleocharis kurogitwai, Sciipus junrnkles. and Cyperus 
serotinus are also increasing in populations. Since C. serotinus belongs to the same genus as C. 
difformis, a sedge that evolved resistance to bensulfuron-methyl in California, it may have a 
similar genetic make-up and Cyp&m are likely to evolve resistance to sulfonylureas 
elsewbore. 

CONCLUDING REMARKS 

After 30 years of use, the worlds' worst weeds of rice, Echinochloa spp. evolved resistance to 
propanil in the Americas md Europe. After 5 years or less of use, a broadleaf weed Sagittaria 
montevidensis and a sedge Cyperus difformis have evolved resistance to bensulfuron-methyl in 
a goodly proportion of the areas where the herbicide is used in North America and Australia. 
In Asia, no major resistance cases have yet been reported in its two heaviest user countries, Japan 
and Korea. I here have only been sparse reports in China, Malaysia, and Philippines of evolution 
of resistance to hobicides such as 2»4-D and butadilor, ^ch were used over wider areas and 
for loni^ periods. This may be due to die wider variety of habiddM used in Japan and Korea. 

There is a trend towards faster evolution and more widespread cases of resistance in the 
Americas and Europe where less than 10% of the rice is grown, and only isolated cases in Asia 
where 90% of the rice is grown even in intensive herbicide using countries such as Japan and 
Korea. A comparison of the herbicide use patterns and crop eoltural practices would help 
explain this occurrence. 

Probably the most important differentiating factors are: 

1) fewer choices of h^bicides ami herbicide mixtures in America, dun in Asia; 

2) greater use of the new, hig^-risk herbicides in America than in As^l^ 

3) large Ikrm areas and high cost of labor make herbicides the best economic alternative in 

America; and 

4) the only, or major, rice culture method in America is direct-seeding, (vs. transplanting in 
Asia) where rice and weeds emerge and grow at the same time, favouring intense weed 
competition. This is especially acute in dry-seeded rice where diere is no paddy water for die 
first 4 weeks. With direct seeding there is a greater need for chemical weed control, with the 
most potent and most persistent compounds. 

The increasing trend towards direct-seeding in Asia may shift herbicide use patterns and 
contribute to fkster evolution of resistance. Current estimates show that 80 to 1 00% of direct- 
seeded rice areas in Sri Lanka. Thailand, and Malaysia are treated with herbicides and this is 
expected to increase as well in other Asian countries. Fimbristylis miliacea cyolved resistance 



230 



to 2,4-D in direct-seeded rice fields in Malaysia. The increase in dry-seeding in Korea will 
probably result in increased use of propanil, a low-risk compound, unless used too often. A 
wider choice of herbicides for direct-seeded rice would be needed to manage expected resistance 
problems, in addition to cultural practices. Crop rotation would greatly delay resistance, but 
it is not popular in some irrigated areas where tWO rice crops per year are grown. Socfa intensity 
engenders resistance. Thus, resistance has come to Asia, and may likely be a greater problem 
as both the agronomy and herbicide use patterns change. 

The sulfonylurea herbicides have been a godsend for the control of sedges, which were poorly 
controlled by earlier herbicides. The residual effect of the sulfony-lureas allowed nearly full 

season sedge control, and greatly widening the window of control. This will be their 
shortcoming, because of the high mutation frequency for resistance, the hit'h selection pressure, 
and the large populations that have built up will allow for rapid evolution ot many more resistant 
populations, wherevor these herbiddes are used. ALS iidiibitors witii less persistence mixed 
with less vulnerable herbicides that effect some control might considerably delay resistance. 
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THE ECOLOGY OF RICE WEEDS - AN OVERVIEW 



AMMoftinicr 

INTRODUCTION 

Rioe {Qryza sativa ) is one of the most important and versatile staple food crops of mankind. Yet as 
a production system, rice cropping remains consistently at risk Of the pests that threaten rice 
yields, weeds are the sole example which almost always exceed an acceptable level in every season 
^dbodyandCOtdova, 1985). 

It has been argued in the liteiiluie tihot of the circa 30 thousand species of plants considered as 

weeds world-wide, 50 - 200 may appreciably damage the majority of food crops but it is only 10 
species which cause the majority (at least 80%) of crop losses. WTiilst three of the.se ten {Cyjyenis 
rotundus, Lchuiuchloa crus-gaW spp., Imperala cylindrica ) can be lound in poorly managed rice 
Mls^ it is nuspiaced to assume tiutt a nanuw 

croppiiig ^sterns. As with the weed flora of other aiaUe crq^nng systems, a diveraity of gnem 

are present, but particularly so in the case of rice because of the extraordinarily wide range of 
climatic and cropping conditions in which the crop is grown Over 1,800 species have been 
reported as weeds of rice in south and south-east Asia (Moody, 1989) and by way of example 
Table I illustrates the principal species in weed communities of rice in relation to cropping system 
in the Tamfl Nadu in India. Whilst emphasising those species that tend to be ubiquitous in rice crops 
and may be considered as 'maioi' weeds; it also higMigMs the distinction that upland rioe weed 
communities comprise more graminaeous weeds than communities of other systems. Seasonal 
variation in water availability and temperature at least also play a major role in defining habitat 
conditions which determine weed floras. Table 2 provides a comparison of the relative abundance 
of a range of important weeds in wet-seeded (pre-germinated) rice culture in Assam, India. Several 
audioi:s(e.g. Moody and Dios^ 1983) have noted the gveaterstiundanK of dico^^edonous weeds 
associated witfitMsphmted rioe and thar lesser abiindance in wet seeded rio^ 

At first and second sight then, rice weed convnumtics appear as complex ecological entities which 
are a natural hazard to mankind (Mortimer, 1990).The diversi^r of lice growing systems and 
associated breadth ofweedcomnunitiesofrioepioUbils an exfaau^^ leview 
and tins p^ier focuses on selected {xooesses in the ecdogy rioe weeds to ittustiate die role of 
eoolosM studies in miderstandii^ die dynamics of populations and ooni^ 

The construction of a weed flora - ecological and evolutionaiy perspectives 

btla^dfic selection on ecdogkstd time socdes 

BocAoffc^ vptiiao%^ Paiticuhr weed 

species occur in cropped land as a result of agriculture acting as « force of interspedfie edectioft 

Land cultivation is often a key component in the selective process as it promotes the emergence of 
non-crop species close to the time of crop planting. Both past nomadic and present-day shifting 
agi icuhurc illustrate tliat lire initial weed ilora of previously agricultural virgin land reflects those 
indgenous species OcaX are naturally present in the soil as dormant propagates. Subsequent 
cropping of the same land imposes on ttus initial flora a complex of selective forces vMch derive 
froni tlic crop husbandry practices used to maximise crop yield WTiilst it is hardly surprising that 
different rice weed floras arise because of different agricultural practices in di£ferent locations in the 
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worid, understanding the mechanisms by which such communities are both built but also change 
involves ecological questions concerned with species pre-adaptation and species migration. Pre- 
adapted species ( svwv?/ Mortimer, 1990) are those which are naturally resident in an agro-ecosytem 
within dispersal distance of cropped land and become incorporated into a weed^rop comnujiuty as 
a ccaseqpenoe the use of a ante of crop hBfaand^ On the other hmd, weed florat 

my leiult fiom invasion of alien species, analysis of whidi involves exandnatiaii of dispersal 
vectors For example, of the introduced rice weed species in the USA all that have entered into the 
state of California, with the exception Echinochioa crus-gaUi have anived in oontaminatrd rice 
seed (FuUer and Barbe. 1983). 

Sekctkmmevt^tUjncaytimesccdes 

The evolution by natural sdectioii of weeds n:ay be seen at tine levds (Moitiiiier, 1990): by direct 

speciation of weeds possibly preceded by hybridisation events between weeds and crops; by 
diBerentiation at population and genotype level within weed populatioiis; and throi^ crop 
mimicry as a result of coevolution under the hand of man. 

Weedy rioe fimns aie widespread in many counties and inlerftee with rioe productkm due to 

competitiveness in reducing yields They are particular^ difiBcuIt to control because of a number of 
undesirable characteristics such as seed dormancy and early seed shattering from the head. Whilst in 
many cases the precise evolutionary history of weedy rices remains obscure, they illustrate in part 
the first two evolutionary processes. In temperate re^ons (China and Korea) weedy rices are 
thought to haw evohwdftm rice (QrvCTaeaft»L) and Al^^ 1991 hive shown, using 
molecular inaricen^ tint a feoent>K<fisoovendwee^ rioe popul^^ b Msfayib had voy amilBr 
genetic structure to the cultivated rice. In such situations, the extoit to winch there is vqiidar gsne 
exchange in both directions is uoloiown but it is often noted diattiiere is CKtenshfe intrspopulidoii 
variation in moiphology. 

bi areas where rice and w9d rice populations are sympotric tiie oiiginB of weedy rice is more 

problematic. In Asa, rice is tiiou^ to be derived fiom common w3d rice (Olijeaer nil^^ 

the Asian form of O peremis Moench) and progenies of hybridisatimi between this spedes and 

cultivated rice are weeds of lowland rice (Morishima, 1987). Common wild rice exhibits wide 
variation in life-history traits and may exhibit annual, intermediate and perennial ecotypes (Barbier, 
1989) and resultant hybrids with nce culuvars are thought to be an important progenitor of weedy 
rice in Thailand and India (Oka and Chang. 1961. WatKdie 199S) 

In evohition by crop mimicry the weed functionally imitates the crop so that the sdective tgttt 
(man) is deceived. Yabuno (1983) considers that hand wee^ling may have played a mqor fole in 
the artificial selection of rice numics by Edanochloa species in Japanese hce nurseries. 

Chapter XXX considers tiie evolution of hertndde resislince in nce weeds wfauA afliwyto an 
esiample of evolution tfarougli populatioo diSbrentiation. 

Population ecology 

It is oiily those species that can exhibit stasis or net positive population growth over successive 
cropping seasons that become persistent weeds. In monoculture cropping such as continuous rice, 
weed spedes dispby popubtion atnictures tiiat diai^ notioesMy over a c^ 
dominated by reproductive propagules in crop Mows, the structure alters througliout tiie life of tiie 
crop with the emergence of weed seedlings or shoots, the survival of youqg pbnts and the 
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subsequent maturation of adult reproductive individuals Both periodicity in cropping and cropping 
practices may result in flushes of weed emergence giving discrete generations of individuals, but 
sometimes overlapping generations of weeds ynll occur wtiene weed life cycles are markedly 
shorter than the crop and the life hisuxy pemuts. This view applies to aU weed species abie to 
recniitnew individuals from a ayptic reservoir of dormant propagules in the soil and both annual 
and perennial life forms may be represented in life tables that describe the flux of individuals fiom 
one stage of the life cyde to the next (Cousens and Mortimer, 1995). 

Such fife tables are convetuent devices to classify the developmental stages in the growth of tiie 
plant as a prelude to calculattng population growth rates (Begon et aL 1996). To calculate the 
diaqge in population size (per capita growth rate) it is necessary to compare population sizes aRer 
a known period of time. Where possible, it is convenient to identify a point in the life cycle of the 
weed where the population is composed of (ideallv) one tvpe of staicture (e g. dormant seeds in 
and on the soil) and to calculate rates of increase li oin census estimates (j)er unit volume or area) 
taken for instance at the start of suooesave generations of growth. In the simple case of a 
monocaipic weed species repiodudng exdusivdy fiom seed there are two contribudons to rate of 
increase - the fi'action perasting in the seed bank Srom previous generations and the contribution 
from seed reproduction by surviving plants from the current generation. Perennial stage^stnictured 
populations can be u^eated in the same way but are necessarily more complex. 

Jiist why a particular cropping practice should realise a niche for one species and not another may 
in part be deduced by direct auteoological comparison and by experimentally measurii^ fitness 

(survival and reproduction) in appropriate (competitive) environments over generations of 
population growth. Ecological analysis of the population dynamics of individual weed species 
involves an examination of the effects of management practices and companion species on the flux 
of individuals over the various phases in the life cycle. We are therefore interested in: a) propagule 
persistence in the soil, b) recadtment of new individuals by seedling estabfishment or dioot 
emergence c) survivorship to reproduction and d) fecundity seed or v^etative propagule 
production, with the ultimate aim of examining population growth rates. 

There is however a considerable lack of information on the biology and ecology of many weeds 
occurring in rice in the tropics (Moody 1993). Th» is not to 'moflfy however that the speed of 
change in weed abundance is unappreciated. Velasoo et al. (1961) rqported that in the PhOippines 

whereas most of the weeds found in upland rice in the first crop following bush fallow clearance 
were dicotyledonous, during the second cropping season monocotyledons predominated. This 
phenomenon has been widely observed in upland rice elsewhere. Detailed observation has also 
shown that although the weed flora may be siniiiar across a range of ecological zones, it is the 
rdative abundance of the dominant grasses that varies according to environment In a comparison 
of weeds in upland rice in West Afiica, Akobundu and Fagarde (1978) fisund RotboeWa 
cochimmis was the major weed in one location whereas Echinodiloa adona predominated in 
another Tt is equally clear from the literature that whilst the consequences of a past change in crop 
management practices on weed floras are oflen known by farmer and researcher alike, the 
underlying dynamics and their causes are not. 
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Temporal processes 

Propagulc pcr^iiiit^nce in the soil 

Domumqr in propigules buried within the soil confisrs bngevily whidi in turn affimb the 
possilMlily of recruitment of newpbnts into future weed-crop communities. Whilst the abundance 

of weeds present in the buried propncnile bank at any one time will be the net result of gains from 
propaguies dispersed into the soil and losses through in siiu death and germination, it is the flux of 
individuals amongst the difierent donnancy states that determines the tracuon of the buried 
population ihst may genninate at any one time. Li rice weeds as in other agro-ecosystems qsedes 
penienatii^ finm tubers or buds generally exfaSMt dncter toiigeMfy m 

as buried seeds (Table 3). Species propagating from seed display a wide span in longevity. The 
persistence of buried propagule populations may be quantified by measuring the 1/2 life (the time 
taken for a decline in the buried population by 50%) and is likely to vary with soil depth and rice 
management regime. Watanabe et al.. 1991 concluded that in the upper 10 cm of the soil in 
tians|danted rice fidds in Japan seeds of &i;p/57}/fic9cw^ dedinedby30%eadiyearequwalcnt 
to a ha]f]ifeof709 days whereas longevity was shorter in £ic:ft//iocMoaar^a^ 

Both innate and induced dormancy (Harper, 1977) may contnbute to longevity, induced dormancy 
being a predictive form of dormancy as a consequential response to changing environment (Begon 
et al., 1996). A good example of this is seen in S. Juncoides whose seeds are seasonally induced 
into dcHrmano^ during summer to autumn to be rdeased during winter to spring. Soil conditions 

particularly aeration ma> strongly influence viability and hence longevity of seeds. Watanabe and 

.'\7.nii Man (1995) noted that Ischienuiw ntgnsiim dir! not persist as viable buried seeds under 
continuously flooded or periodicaKy tlooded field conditions whilst 10.5% were Still viable after 3 
years (6 cropping seasons) in dry land. 

For a species reproducing predominantly fiom tubers sudi as Scirjm maritimuSt a widespread 

weed of lowland rice in A^a, Europe and temperate USA, deep plougtung provides cfibctive weed 
control. This buries tubers at depths from which shoots M to emerge, but in doiqg SO eofiMves 
tuber dormancy which may last for at least two years. 

situ losses to the population due to fiiihire to emeige fiom depth have not been extensively 
quantified. For some species we can infix' however that they may be considerate. In fidd trials the 
emeigence of Echinochloa crus-galli in transplanted rice was substantially reduced when the field 

was ploughed to a depth of 15 -18 cm compared to shallow rotary tillage (Arai and Matsunaka, 
1968). The seeds of many of the more abundant rice weeds are relatively small (Noda et al.. 1994)^ 
the implication being that seed reserves limit emergence to the upper layers of the soil. 

Plant establishment 

The density of weed seeds in the soil of rice fields may be very- high approaching 1x10* per ra? 
where direct seeding of rice has been practised for several seasons (Ismael et al .. 1994). Such 
abundance far exceeds that usually observed in cropped land, including upland rice lands, which is 
may be two oideis of magmtude tower (Watanabe, 1978). Equally the density of buried meriatem 
populations encompassed by perennaring organs (rhizomes, tub«» and tap roots) may be huge. 
Doisities of 10,000,000 tidxrs per hectare have been estimated in Q^erus rotundus . 

It would appear however that in general it is only a small iraciion of the propagule reservoir that is 
recruited into the adult plant population each generation, 1-5% in Echinochloa oryzicola 
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(Miyahara, 1972) .incl 3 - 8% in ScirpusJif/icoiJcs (Watanabe et al .. 1991). The a\ailable literature 
suggests that in some species it is seeds Irom the previous generation of weeds tlial contribute to 
most of the coming generation of weeds should conditions permit. Kim and Moody (1989a) 
iqx>rted that seeds of Echnochha cobma have no innate dormanQr on ddiiscence and will 
geminate almost immediately after harvest. In oontiast in other spedes^ seeds have hmate 
dormancy and after-ripening periods arc necessary for Ludw igia o^ovalis (20 d^) Edunoddoa 
^abnscens (50 d^) and E. crus^aUi spp. hispiciula (> 60 days). 

Theie is a substantive literature on the effects of water management and land preparation on the 
abundance of ike weed species ( eg Oe Datta, 1 98 1 , Moo^ 1983). Both depth of land aiUvidon 
and dqith of fkxxiing can be used to minimise the fraction of the prop^M^ leseivoir that is 
reciuited into die growing adult population. 

Many weeds of rice will not germinate under water or saturated conditions but once established will 
grow in water, although appropriate depth of water can be ultimately liiniiing. Where there is year 
round water sufficiency and efficient water management, permanent flood and ddiberatdy timed 
flood cultures in water seeded lice may be emptoyed to maintain anaerobic oowfitions in the 
seedbed (Anon, 1987) and thus prohltMt weed germination in some species. Smith and Fox (1973) 
observed that flooding to a depth of 5 cm was effective in controlling Echinochloa crtts-galli in 
lowland rice cultivation and iaboraton,' studies (MAl^I, 1985) have shown that the germination 
capacity of freslily disseminated seed declines wiiii v^ atcr depth, 92% in 0 -1 cm; 68% in 2 cm ; 
7A% inScn^and4%inl5cm,as does survival of pre-gemunated seeds^ but to a lesser extent 
(100% in 0- 2 cm; 6S% in 10 cm and 32% in IS cm). These data confirm the findings of Moody 
(1983) vAio concluded that the longer flooding is ddayed after weed emeigence in irrigated rice^ 
the deeper the water must be to achieve even limited weed control. 

The extent to which weed species of rice show substantive episodic emergence during the Ufe of a 
lice crop which leads to fiudiesc^newseedOngs does not seem to have been recorded in detail. U 

is certain however that in diiect seeded rice, cohons of seedlings/shoots of weed 8pecies» 
particularly grasses ( e.g. Imperafa cyclindi ica) appear during tlie life of the rice crop, since more 
than one time of hand weedii^g is recommended (Moody and De Datta, 1982). 

The mechanisms that result in cohort emergence may vary and be both biotic and abiotic. 
Euctuadng water levds^uing the eariy stages of crop growth in irrigated rice due to poor water 
management and/or lack of levelDng, periodicity of rainfall in rain-fed rice and inversion of the sofl 

profile leading to staggered emergence from propagules distributed at depth may all contribute. 
Somatic polymorphisms both in seed morpholog\' and physiolog\' have been recorded in 
Echinochloa crus-gaili znd K colo/ui (Roche and Muzik, 1964, Van Rooden et al . 1970) and are 
suggested by the ecotypic variation reported in other spedes. Flux amongst domuncy states plays a 
key role cydii^ fiactions of seeds between faiduced and enftjroed states and thus the nuni)er of 
seeds available for germination. RothoelUa cochincMnemis, Digitaria ciliaris and Eleusine indica 
exhibit a peak of emergence eaify in the nuiiy season with subsequent small peaks linked with 
rainfaU (Zimdahl etal.. 1988). 

Growth and Reproduction 

In the absence of ddiberate post-emei^gence weed contrcd practices and of weed spedfic 
heri»vores» the chance of suinvDrdiip to rqvodudive maturity in weed species will depend upon 
competitive interactions amongst weed species and the rice cuitivar. Noticeable density dependent 
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mortality in weed populations in annual arable grass weeds has only been observed at doisitiet 
exceeding 20,000 plants m'^and densities of this level might well be expected in direct seeded rice. 
Recognition of the over-riding importance of early weeding in the life of most rice crops to prevent 
yield loss implies that late emerging weeds are suppressed through crop competition but tlus may 
not necessaiity lead to mortality in weed populations. Rather it may give stunted indiwditals that 
StiU survive to reproduce. Certainly the choice of density of planting (Roa gLal-, 1977), fertifiaer 
regime (Moody, 1981) and rice cultivar play a major role in determining size of weed plants. 
Smith (1981) showed that early maturing erect rice cultivars were more effective in suppressing 
weed growth than late flowering ' droopy' ones and Hoque et al . (1978) reported that Fimbnsiylis 
miliacea and Qperus species were more d(munant «ta grown in mixture >Mth short statured 
plants as opposed to traditional tall culthws. 

The near total vegetation destruction of above ground biomass during and post han'est tends to 
select for weed species that mature before or at harvest. Flowering maybe extremely rapid as in 
Qperus iria and C dehiscem which may take as little as 28 days to flower from seedling 
estaUiafamenL Echinodiha cokm may achieve production of mature seeds widun 30-45 days 
under sfwit day periods. Similarly weedy rices often diqpby their presence in a rice croppiqg by 
flowenngea^. 

Reproduction in weeds is often remarked upon as prodigious (eg Norris, 1992) and whilst tliis is 
undoubtedly so for Echinochloa crus-galli (Table 4) of equal but of more significance is the 
plasticity that lice weed species present From comparath« studies^ Monehorki vaginalis, Cypena 
d^amta, FlmbristyHs miUacea and EMnocMoa gfcArescens have been reported to bcg^ 
flowering even when plants have achieved less than 10% of their maximum dry weight, seed 
production continuing for more than four months fKim and Moody, 1989b). These studies also 
indicated that the ailometric relationship between seeds production and plant size changed with 
fertiliser level. 

Spatial processes 

Whilst it is convenient to contemplate population processes within a given area devoid of migration 
events, in rice weeds movement of plants and propagules is potentially of major importance. Where 
pcqwlations or weeds are maintained by immigration, an understanding of the vectors governing 
dbftennl is essential for weed ccMitrol. In aquatic weeds sudi as Bdnmia cmss^pes an alien 
migrant from Central Brazil into lowland rice growing re^ons in latitudes 40* N to 45° S, plant 
spread along irrigation canals arises through the drift of plants reproducing vegetatively by stolons 
(Harley, 1994). Seed production is also considerable in this species (Scunthorpe, 1971) Seeds being 
long-lived, innate dormancy being removed by a period of desiccation after which rapid 
germination occurs. The damage that arises from this weed is largely hydrological in its efifect on 
irrigation systems. SaMnia maksia is another Brazifian migrant species into many tropical 
counbies of Africa, Asia and the Pacific (Room, 1 990). In common with£ crass$w$ spread is by 
water movement but this fern reproduces solely by rhlzomatous growth on the water surface, 
doubling in size every seven days in tropical conditions (Room and Thomas, 1986) The damage 
that accrues firom iiigh infestations is both tltrough reductions m light and nutrient availability for 
crop growth. Dramatically successfid biological control oftlus weed throu^wuttiie wodd has been 
throu^ the introduction of a natural enemy the weevil, Cj^rHAc^om sc^vmae, vAidk has diown 
(MigBte host spedfichy often resultiiig its own local extinction afi^ desttuctioa 
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Irrigation water is often quoted as one of the major means of spread of weed seeds in rice 

ecosystems. Chadrensa (1988) argued that the absence of networks of irrigation canals in certain 
districts of Sri Lanka proliibited the spread and abundance of weeds. Frequently made, similar 
avowals are however at best anecdotal. Definitive quantitative evidence that dispersal of weed 
speaea through irrigation water is int^ral to the maintenance of meta-populatioiis of weeds is 
absent, aldxnigh deariy such dispersal is important in primary inva»ons and in re-invaaons. 

Migration of weed seeds through the use of contaminated crop seed is however well documented. 
The rapid spread of Echinochloa crus-galli and E. colona in Malaysia has been attributed to the 
use of contaminated dec seeds (Baki and Salleh, 1982) and Fajardo and Moody (1995) reported 
that the most oomnuni weed seed oontaminams in rice in the PhiUppines were/scftoemiimra^^ 
and JBoMnocMoa spedes. In the Pliilippines whilst fanners rarely use their own seeds for more 
than three crops because of cultivar degeneration, neither do they routinely clean rice seed before 
planting In consequence migration routes naturally persist by the exchange of seed between 
farmers and seed producers . 

Weed eommiinity dyn«mies 

Continuous rice production through the lime-honoured use of drainage, irrigation and transplanting 
is a cultural measure that aflbrds some mea.«;ure of weed control in that non-aquatic weeds tend to 
be controlled by inundation and aquatic weeds by drainage. Some authors view puddling soil, 
transplanting of rice seedlings and flooding as basic operations deigned for weed control imder 
continuous cropping. Whilst it is true that tiiese operations lead to a levd of control (Mabbayad ^ 
f^. 1983), conlinuom OOpping is made possible by the nutrient Ulix cycling that arises from timed 
soil submergence. W^ere the periodicity in flooding and drained land is large two distinct weed 
communitie.s m:iy exist associated with the wet and diy seasons. This is particularly evident in the 
central plain of Thailand w liich is cropless for a large paji of the year but may be under considerable 
dq)th of water during the paddy seasoa Dui ing the dry season, land is covered with annual grasses, 
spedes oS l^tonkiha beiqg dominant. Flooding destroys these spedes and th^ are replaced in 
transplanted rice by manly annual weeds particulaity sedges. The abov e ground p^ant communities 
of the same land area may therefore oscillate in a potentially stable switching system between 
arrested secondary successional states. A pai allel exists in upland rice where fallowing constitutes a 
break in cropping on the same land, the duration of the break dcicrnuning tlie rate of decline of 
dominant weeds sudi as A/Mronra nucnmtha KBJK. and 0»omakuna cdomta (Swamy and 
Ranudcrishnan, 1987; Roder etal. ,1995). In tlus latter situation it is anthropogenic &dors that are 
dominant in causing and arresting v^ation shifts whereas seasonal cfimatic diange is at least as 
impoitantas anthropogenic ones in most rainfed rice eco^ems. 

The last twenty years have seen intensification in rice production with for exainple the increasing 
use of hertjiddes (see Chapter XXX), technological invention and in Malaysia, at least, with the 
introduction of soplusticated water management systems fbr direct seeded rice (Ho, 1994). 
Rdativ^ rapid shifls in the weed flora have been recorded in all instances. In the Philippines 

perennial weeds such as Sci/jms maritimus and Paspalum disiicimm have increased where 
herbicides have been used for several years to control susceptible species such as Monothoi ia 
vaginalis and Echinochloa species (Moody and Drosl, 1983, Kandasamy, 1995). In Korea, the 
ultroduction of machine transplanting of rice has increased bdh the denaty of rice weeds and a 
dianpB in the composhion of the weed flora (Kim et al.. 1984V 
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The recent changes from transplanting to direct seeding in rice in south-east Asia have resulted in 
dramatic alteration in the abundance and distribution of weeds (Table 5). Direct seeding techniques 
cause weed communities to change in composition with the less competitive dicotyledonous weeds 
and sedges being replaced by competitive grasses which had previously occurred at low abundance 
aloqg the edges ofdirect seeded fidds (Ho etal.. 1994^ 

Weed mamigeincnt practico and popiilatkm ccotogy 

The foregoing discussion leads to three observations regarding the role of population ecology in the 
development of die undeistaiidi^g of the eflEects of weed management piactioes. The fint is that 
changes in abundance of rioe weeds can be extremely rapid both at populatioii and communiQr 
levd. Secomly, all aspects of the production process of rice (the types or rice culture, cultivar 

grown, tillage, method of crop establishment, planting density fertiliser application and water 
management) in addition to explicit weed control practices (see Chapters XXX) are likely to 
interact in governing the ultimate trajectory in change of abundance of individual species (see 
Moody 1993 and Ho etaL, 1995 for succinct revievraofindi>w)iialeflfects). Indeed H 
reason that integntfed weed management is stressed for the control of weedy rice fai particular 
(Watanabe^ 1995) 

Neither of these observations are novel A third is namely that despite the extensive research on 
weed control in rice there appears to be no published comparative statements about actual rates of 
giowth of indhridual weed populations and more importantly about the sensitivity of indhndual 
phases in the life cycle of a weed to changes in management as it effects overall growth rate. The 

same can also be said for many weeds of temperate agriculture (Cousens and Mortimer, 1995). 
More often than not the effects of particular weed management practices are inferred from weed 
management studies of particular stages in the production cycle. It is only by study of the 
population ecology of species encompassing the en^ life Qrde that robust statements concerning 
chaf^ msliundance can be dnwn.Autecological comparison may prove vahiabte in U^hfi^hting 
possible reasons why one q)ecies increases in abundance whilst another docs not. Mowever they 
will be no substitute for tlie meticulous experimentation that is ncL-J.cd to understand the 
mechanisms underlying patterns of ^pedes co-existence in rice>weed communities. 

Concluding remark 

A review statement made by in ai international meeting in 1995 concluded that "weed communities 

in different rice ecosystems remain largely unexplored wildernesses for ecologists". Venturing into 
such a wikiemess requires an awareness that whilst communities may be structured by 
technologically dnven events m agriculture, the uliimate reason for exploration is llie goal of 
predictKie understanding of weed abundance V/lthout that» understanding the staln^ 
wiU remain under threat 
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Table 1 Weed species considered of most inportanoein rice CTOppii^ in Taniil Nadu, ]iida(fiimi 
Venkatanunan and Gopolan» 199S). 



specie.- 



Transplanted lowland rice 



Monocotyledons Grasses 



Sedges 



Dicotyledons 



Direct sown flooded rice 



Monocotyledons Grasses 



Sedges 



Dicotyledons 



Echitwchloa colona 
E. cna-gaUi 
Cyperusdifforaris 
Ciria 

Fimbristytis mUiacea 
Scirpus spp. 
Ammonia baccifera 

CynotisaxiUaris 
Ecliptaalha 

Ludwigia parviflora 
Marsilea quadrifolia 
Mcnochoria vaginalis 
Rokdademifkjra 

Echinochloa colona 



Pa^ndurndbUchimi 

Cyperus iria 
C.difformis 
FimbristyUs nation 
AnuncBita baccififo 
Eciiptaa&a 
LudMgia parviflora 
Marsilea quadrifolia 
Rotaladen^flora 
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Direet sown upfauid rice 



Monocotyledons Grasses 



Sedges 



Dicotyledons 



Chloris barbcUa 
Digitarkt seoigtiifki^ 

E. crus-galli 
Echinochloa col<ma 
Ennffvstis ipp, 
Panicwit tepens 
Piapt^m diiatim 
Cynodon dactylon 
Leptochloa chinensis 
Qperus rotundus 
Cirta 

Ffm^iristyUs miHacea 

Amaranthus viridis 

Corchorus ^p. 

EcUptaalba 

Ex^horUahtrta 

Paiulacaspp. 

"Manthema 
portulaocatntm 
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Tabic 2 The relative abundance (arbitrarv' scale based 00 doOBSy and biomBSB) in wet seeded 
lice in Assam, India (from Barua and Gogoi, 1993). 



Weed species 

Summer Autunin Wialerrke Dccfmater Winter 
rice *• 



land bunded 
pmtoltaf in water 



Cyperus difformis 






9 




140 


C. ilia 






19 


16 


44 


Cpihsus 




38 






7 


Echinochloa crus-galli 






14 




27 


Fimbristylis miliacea 


27 




no 


112 


79 


Hygroryzaaristata 






22 


136 




LueMgki peremas 


47 




2 


13 




Monochorta vaginalis 


64 




64 






Oryza rujipogon 






9 


103 


19 


Panicumwalense 


19 


6S 


95 






Sacdolepis interr^nta 




43 


13 






Scirpus juncoides 


7 


36 


17 




SS 
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Table 3 The longevity of propagules of selected weed species in transplanted rice fields in 
Japan. Longevity was measured from field observations of persistence and experimental triala. 
From Watanable and Azmi Man (1995), 



Longevity in the Species Life history and propagule 

soil type 

224 months AUmacancHculabm P;biid 

Cyperus serotinus P ; tuber 

OenanOie^ivamca Tf\\nA 

Potamogeton distinctus P ; tuber 

SagiitcaiapD^fttaea P ; tuber 

Sagituwia trtfolia P ; tuber 



24 - 4S months Edunochloa crus-gaUi A; seed 

Echinochloa oryzicola A; seed 

Ekodkais kumgumd P; tuber 

> 48 months AUma canatiatkOim P; seed 

Opens dijfonnis A; seed 

Cyperus seroHnus P; seed 

Lindernia procumbens A; seed 

Mofiochoria vaghiaUs A; seed 

Rotala ineUca A; seed 

Sagittaria trifitUa P; seed 

Scirpus juncoicles P, seed 
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Table 4 Upper limits to seed productioa by isolated plants of some selected qwcies (data 

collated from a variety of sources). 



Species 


Seed production per plant 


EcMnochloa colona 


oOOO 


Exhinochloa crus-galli ssp. hl^)idula 


> 10,000 


Echinochloa ayzicoia 


2000 




4000 


FlmbrtslD^miBacea 


7000 


Rottboellia cochinchinemis 


2000 


Scirpus Juncoides 


1500 



Table S Changes in the weed flora and dominance from transplanting to direct seediqgilltbe 
Mudaaiea (l^^y8ia) over tea yon (1979- 1989). After Ho and It^ 1991. 



Season 





1979 


1982 


1984 


1984 


1987 


1989 


Number of q>ede8 


21 


34 


42 


45 


50 


57 


Number of genera 


18 


18 


30 


30 


38 


44 


Number of &milies 


13 


14 


19 


17 


22 


28 




0.2 


20.7 


S3.0 


24.0 


98.9 


81.7 


Dominant weed species * 


M V 


Mv 


F m 


E cr 


Ecr 


E cr 




Lhy 


Lhy 


Mv 


Sg 


£co 


Lc 




Fm 


Fm 


Ecr 


Lhy 


Lc 


Fm 




Cd 


Lbe 


Sg 


Pa 


Sg 


Mc 




Lf 


Sg 


Mc 


Lc 


F m 


Mv 



¥m-Fimbriat)^tiUHaoea; Le-L^ioddoadihignsis; hf'ZAmocharisflma; 
Lbs 'Leeniahe x andrai Lhy'LudwigUghyssapifoBa; Me^Marsileacrmiata; 
M^'AionotMortavc^nalis; V a - Pankum an^kxUxade-t Sg- Scirpus grossus. 
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XQ£ N££D FOR ]NTEGRAT£D WEED MANAGEMENT IN RICE FROOUCriON 



RLabrada 

INTRODUCIKIN 

In the introduction to this book the importance of rice as a priority crop in many devdopiqg 
countries paiticularly in Asia, was highlighted. 

The growth of the world's population is expected to exceed 8.5 billion by the year 2020 and 
subsequently, iMs will reqinre increased rice and other food production. This coidd be satisfied, 
dtlier by increaai^ areas ofthe crops or by adneviflghig^ The first option may not 

be ftaable for various economic and envirmimental reasons. 

Flooded rice fields, which account for 95% of total rice production, release an estimated 25% of 
the methane (around 500 million tons) that reaches the atmosphere. Although the atmospheric 
concentiation of methane is only 1.7 ppm, its molecule is able to trap heat about 30 times more 
effectively than a carbon dioxide molecule (IRRT 1991). Thus environmental concern about global 

warming will militate against increasing flooded areas. An increase in irrigated rice arca.s would 
require high capital investments, particularly for installing irrigation systems, and this does not seem 
feasible from an economic point of view. 

Therefore increased production per cultivated area seems to be tiie only way to le^wnd to tins 
dudteqgei, and this will require technological inputs to achieve needed production, but sustainable 
agriculture demands that these inputs should not affect the environment and resource base. 

Tlie population growth and increase of production cannot be, as well stated in the UNCED's 
Con&renoe in Rio (1992), "combmed vritii unsustainable patterns which {dace increasuig stress on 
the lifo-supporting capacities". Hence technolo^cal improvements for increased crop production 
should be sustainable. 

Such improvements should include land preparation methods aiming at soil fenHity preservation, 
rational crop rotation and intercropping, introduction of higWy productive cultivars with a degree 
of resistance to common pests and uit^grated pest management witii rational use of pesticides 
inckufiqg, probably, the use of new biologjcat or non-conventional control methods. 

Wthin the context of TPNf special emphasis should be given to weed control in rice. \n the 

previous chapters of tliis book it has been sho\s n that weeds are one of the limiting factors in rice 
production and the need lor ijucgrated weed management has been endorsed by several authors. 

Weed management practices should be technically sound, also economical^ feasiUe and 

environmentally friendly. Integrated weed management is the only sustamable way to increase lice 
production without afi^ting the surrounding environment 

MAJOR WEED SPECIES IN RICE 

In rice fields the prevailii^ weed flora depends on various ihctors: climatic condition^ type of soil 

and cropping system There are certain weed species with similar crop requirements to rioe^ some 
of them occur in ai^ crop rke modaUty and there are otliers only prevalem in certain oonditioii& 
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Geographicaffiy; weed species such as Echimchloa cnts-galli, K colom, Eleusine incSca, 
Ischaermm nigosiim, Paspalum disiichwn, Eclipki prostraki, Cyperus ilia, C diffbrmis, Sd/pus 
spp. wALudwiffa spp. occur nearly eveiywherc in rice fields. 

h4(mochaia vaginaJis, Lqttoddoa chinensis, Echinochioa g^cArescens, S^phenodea x^ikmica. 

In West Africa, Pentiiseium subangitstuw, Paspahim scrobiculatiim, P. vaginatum, Impcmia 
cylhidrica, Leersia hexcvidra and Rotlboellia cochmchimmis are also prevalent in difTerent rice 
ecologies. 

Species such as RottboelUa cochinchinenis, Echinochioa colona, Ehusmt indica, Impemta 
cylhidrica, Cynodon dactylnn, Pas/xiliini scrobiculatiim, Daclyhxie/titin} ae^ptium, Digitaria 
spp , Cypenis rotuncius, Commclina bcnglKdensis, Amarattthus spp., Eupliorbia spp. and others 
are mainly prevalent in upland conditions. 

Frequent kmrfand rioe apedes are EcMnochha cna-gc^. K gkAresems, Pa^pedim ^s^daan 
hchaeman rugosiim, Lq^ocMoachinemis, Leersia hexatidra, Qperus tSffbrmis, C. iria, Scirpus 
mcaitimus, Fimhristylis miWxea, Eclipta prosirata, Mamchaia vqginalis, Ijuhi/igui spp. and 
^henocka zeyJanica. 

Some weed problems have beoi created by the introduction of new aopping technologies or 
hetbiddesL This is the case of the incidence of L fascicukais which has become important in areas 
repeatedly treated with propanil herbicide in the American continent. This plant is resistant per se 
to this compound and the use of propanil year by year has led to increased density in rice fields 
This interference has compelled farmers to replace the use of propanil or to apply propanil mixed 
with other herbicides. 

In the above r^on where direct-seeded rice is the main crop modality, red rice is by now the most 

troublesome weed Tliis is also a serious weed in direct-seeded rice of Eg\pt (TIassan et a!. 
1991b). Density of the weed increases year to year, if control measures are not carried out, due to 
natural crossing with cultivated rice. The interference of tiiis weed also tends to reduce the quality 
of harvested rioe grains. 

Jsk ttie USA it has been found that in a long season interference a single red rice plant per 
reduced grain yields of Lcmont and Ncwbonnet rice cuhivars by 1 78 and 272 kg/ha, respectively 
(Xwon et al. 1991). I hcse grain yield reductions were due to decrease in panicle number and 
length and in number of grains per panicle. 

LOSSES CAUSED BY WEEDS AND WEED COMPETmON IN RICE 

According to DeDatta (1981) weed growth in unweeded rice plots reduces yield by 88 much as 
37% in transplanted, 45% in rain-fed lowland direct-seeded and 67% in upland rice. 

Li India, losses of rice grain yields due to unchecked weed competition were reported to be 43 to 
83%(HlffiandRA0l974). 
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In upland rice weed competition is a miyor problem. Weeds may cause yidd losses up to 87% 

(PiuStyetaL 1990). 

Crop yKid losses fixvn weeds usually are proportional to the amount of water, light and nutrients 
used 1^ weeds at the expense ofthe crop (Moody 1978). 

Rice grain production is significantly affected by the level of crop stand and extent of weed 
competition. Many of weeds prevailing in rice have similar growth requirements to rice plants and 
competition begins at an early stage of crop growth. 

Weeds compdtt intenshrdy with rice for light, water and nutrients. As Ampong-Nyarico and 
DeDatta (1991) stated competilion occurs when one of the limitii^ resources falls short of the 
combined requirements of rice crop and weeds Rice yields are greatly reduced when shading 
occurred at early growth stages and via stress trom water shortage at any stage of aop 
development. 

Weed compelition varies according to the weed infestation, the ability of the crop cultivar to 
compete vAih weeds and cultural practices. Application of N-fcrtiliser plays an important role in 
the degree of grain losses caused by weeds. Greater >neid losses are reported to take place at low 
and high levels of applied nitrogen than an intemiediate level when poor weed control is practised 
(Moody 1981). At present there are various higlily productive rice cultivars characterised by short 
stature which are commonly less competitive wth weeds than tiaditknial cultivars. These less 
competitive cultivars require more crop care reading weeding than traditional ones. 

Weed competition is criticid during the first 30-40 days in direct-seeded rice Weed-free rice plants 
during the above critical period become increasingly competitive wiii\ newly emerged weed 
seedlings. It is for this reas(m that weed control measures should be earned out during this critical 
period. 

In rice seedbeds, weed competition to rice seedlings will depend greatly on the seeding rate and 
quality of rice seed sown. Weed control in seedbeds is extremely important to enable farmers to 
obtain high quality seedlings for planting. In transplanted areas rice should be weeded at least 
during the fint 2 to 6 weeks after planting (Moody 1 994). In any case, en^nmental con^tion^ 
crop estabfidunent and competitK« abili^ of crop cultivar, weed specks and levd of infestation 
decide the levd of competition and the time and duration of weeding operations. Timely weed 
control is basic to good crop production. Farmers should be aware of weed competition criteria to 
effectively and timely control the weeds and to save labour inputs. 

With the introduction of hertucides it was thought that problems caused by weed interference 
would be eaaiy solved. Life has shown that still now there are many weed problem^ some of them 
unoontrdled with the common heriiiddes selective to rice. 

It is clear that an integrated approach for weed control is required. Tliis approach should be fiilly 
compatible with crop management practices. Entomologists have promoted partial Integrated Pest 
Management (JF$i/t) programs in various crops. Unfortunatdy, neariy all these programs lade either 
disease, rodent or weed control activities. Weed sdence has developed enoi^ to implement 
Integrated Weed Management (IWM). It is already recognised tiiatlWM is a part oftiielPM and 
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also of the integrated crop management. Rice is a crop where the interactions between weeds and 
other pests decide the density of various pest organisms. Therefore IWM should not be neglected 
in any IPM program for this crop. 

INTEGRATED WEED MANAGEMENT 

Integrated Weed Management (IWKQ, as an essential part of PM, is not an easy task for weed 

scientists. Rice is grown in different ecosystems upland and lowland, direct-seeded on puddled or 
dry soil and transplanted. For each crop establishment method a particular IWM will be required. 
IWM should also be based on the prevailing weed composition and infestatioa 

Essential reqinrements fyr improved migrated weed management are; 

Technically effective - oontainment of weed infestation to such a level which does not cause 
significant crop losses. 

Fully compatible with crop growdi and widi other IPM practioes. 
Preventing the doniinance of partkuiar weed spedes 
control methods. 

Economically feasible - aifordable for farmers with small inputs. 

Thbecononacrequishe should also lead to social im pro v em ents, 

Reductkm of labour for vveeding, in particular women and chOdren's labour. 

The last, and perhaps, the most important requirement in the long term is that the weed control 
practices should be, 

Preserving soil quality i.e. avoiding any adverse eSecL on the soil (erosion, salinity and/or 

harmfiil chemical residues). 

Not causing air pollution. 

Not cauang any ham to wildlifis. 

Compktdy safe to humans. 

Components of integrated weed management 
Preventive control methods. 

Weed oontnd ihiring the growth cycle of the crop based on breaking the weed's 
rqsnxluctive capadty, thus redudng the cominuous build up of weed seeds in ^ 

Preventive measures are important to avoid the introduction of alien weeds into particular crop 
area. These measures are emphasised in nearly all weed science textbooks, but ihey are the least 
practised methods wtxyvAnat. Machineiy, implements, manure, soil, ai^mals and man aie all 
fectois in qireatfing weeds. To decrease new weed infestations it is important to picvent dieir 
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movement from one area to other. It is also usefiU to prevent fiuit set of weeds ffowmg in tiie 
foregoing crop. 

Weed seeds and seedlings are commonly dissendntted with transplmited rioe seedlings. Ttiis was 
dearl/ obsefved by Rao and Moody (198S) in fiutners^ fidds in GuimdMi, Philippines. The audiors 
reported that the percentage of weed seedlings and slioots of EchinoMoa ^abresccus in bundles 
of rice seedlings to be transplanted ranged from 4 5 to 1 4 2% in the wet season and from 3 to 8.7% 
in the dry season. Subsequently, t!ie use of weed-free rice seeds, land preparation and weed control 
of seedling nurseries were recommended. 

For a &mer, it im^ be tedious to dean implements after an operation in another fidd; to wait some 
time for decontaminating the maiure, or even to clean his dothes bearing weed seeds. Some 

practical education regarding weed reproduction and spread is important fiar &rmers, emphaaai^g 
that prevention would save labour time for weeding, in the long-term. 

Weed control before or during the crop c> cle consists of various methods aiming to increase the 
oompetitive ability of the crop^ such as: 

(i) Cultural: Crop rotation, inter-cropping, land preparation, seeding or planting 
competitive cultivars, seeding rale, plant spacing, feailiser application, water 

management. 

a) Oop rotation. Rice rotation with a dryland crop normally reduces the infestation of weed 

species adapted to grow in moist and wet conditions. In many parts of the world rice is already 
successfully rotated with legume crop.s Rice rotation with soybeans or hearts has been found 
etfective in reducing tlie red rice infestation in many Latin American countries. 

From the authoi^ personal experience in Pinar dd Rio province in Cuba, beans are normatty sown 
during tiie dry period after rioe. Beans are treated \nth the heibidde trifluralin, mediaiucally soil- 
inoorponued, which is h^y eiecthw against grass weeds, including red rice. This method 
provides good suppression of red rice infestations for the subsequent rice crop duiii^ the raii^ 
period. 

A croppmg system of soybean and rice grown in ahemate years fi>r four yean combined imth 

effective herbicide treatments v^'as proposed by Smith (1989) to control red rice infestations in the 
USA Crop rotation of rice with legumes also increases nitrogen in soil. According to Pingali and 
Ros^grant (1994), mu^g bean and soybean are the most popular legumes used in rotation with rice. 

In general, crop rotation helps to avoid the adaptation and dominance of troublesome weeds in rice. 

b) Land preparation. There is no standard method for land preparation in rice. It differs 
according to the water availability and its management, hi this context some procedures have been 
fixindusefiil. 

Normally land preparation in wetland tillage ^stems consists of plougliing, harrowing, soil 
puddfi^g and levelling. Puddlmg is an important operation to control several grass weeds and to 
enable &st estaUishment and tillering of transplanted rice. Moody (1983) reported that the most 
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important efTects on weed growth in rice come from puddling and good water management, but 
today it is knowrt that seasonal puddling leads to formation of hardpaiis in paddy soil. This will be 
discussed later. 

In dry seeded rice, tillage is practised differently. It is mainly based on breaking soil clods 
encouraging weed early emergence. In India, in dry seeded rice, the stale seedbed method which 
prevents successive weed flushes before rice seeding is effective (Mukhopadhyay 1987; Mocrthy 
1992). This method consists of ploughing and prouuciiig a fine tilth by breaking clods with a plank. 
The latter brings about a unifimn gerniination of weeds whidi were controlled a week later by 
shallow cuhivatioa Subsequent^ crop aeec&ig is carried out. 

Another important procedure is levelling Moody (1994) indicated that when the field is not 
levelled rice seedlings cannot establish quickly in the low spots and weed will grow abundantly in 
the high spots. Correct levelling fidlitates good fertiliser application and permits better distribution 
ofwater on the entire suifi»e wnthout submeigenoe of the rice plants. 

c) Competitive aillivars Rice cultivars that emerge rapidly and grow vigorously, developing 
canopy, would be expected to compete better against weeds than cultivars lacking these attributes 
^oody and Mukhopadhyay 1982). 

In ]^ypt, in transplanted rice, seedling age at transplanting is another important characteristic to 
create more competition fi-om rice. Hassan et al (1991) recommended planting of SO^lay old 
seedlings which resulted in increased tiller production per plant and, subsequently, ioiproved 
competitive ability. 

At present, besides physical competitive ainlity, research is also tr>'ing to develop rioe cultivars 
allelopathic to weeds. These rice plants should be able to suppress some weed species througih 
dther their root exudates or leaf leachates. 

Regarding the incidence of Striga parasitic weeds in rain-fed rice in Africa, research at Long 
Ashton Research Station (Bristol University, UK) is proceeding to develop resistant cultivars to 
these phytoparaatea. 

d) Siding rates. Ifigh seedii^ rates enable early competition fi-om rice plants against weeds. 
lUs seems to be effective so \xa^ as crop ^dds are not reduced, but the cost of seed must be taken 
uito account. 



Ibssan and Rao (1993) reported that little influence on weed suppression was achieved by 
increasing rice seeding rate from 72 to 96 kg/ha, while a rate of 120 kg/ha, in general, increased 
weed control. The authors considered that this rate is convenient to control broadieaved weeds 

and Cyperusdijjfornus. 

In India, good results in weed control have been adiieved with bwer rice seedu^ rates. Moortfiy 
and Mba (199(^, 1991) reported &at 69 1^ of rioe seeds/ha proved to be ideal ix optimal crop 
growth and yields. These authors again emphaased the importance ol crop establishment in (firect- 
seeded upland rice to achieve good weed control. 
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Seeding rate is also important in seedbeds. Usually rice seedlings suffer less from weed competition 
whenever high rice seeding rates are used. 

e) Plant spacing. Ilus witt depend on odtKw and seas()iud conditions to 

crop development In India, it has been found that spacing of IS cm was superior to 30-45 cm. 

thus increasing rice compet^hw abi% and tiller jvoduction in upland rice ^han 1968, cited by 

Mukhopadlw 

In the Pliilippines, 20 x 20 cm spacing is the most appropnaie for manual transplanting (Ampong- 
I^niko and Dd>atta 1 99 1 ). 

Tn Egypt, the cultivar Giza-17S transplanted in narrow rows (10 x 20 cm) effectively suppressed 
weed competition (Hassan and Rao 1993). 

In. any case^ a good rice stand is a requirement for good crop competition against weeds. Bare 
anas win be undoubtecfiy oociqMd by weeds. 

0 Application of ferii Users N-feriilisers are required &x optimal growth of rice plants and 
they can be of use to prevent Sti iga spp. establishment. 

Mooithy and Mtra (1 990) fimnd that weed problems arc aggravated when all of the N is applied at 
seedii^tim& They lecoRumendedsp^ applied at seeding, active tillering; and 

panicle imtiation to achieve maximum effectiveness in weed suppresnon. Sharma and Das (1993) 
recommended N-appIication (up to 40 kg of N;1ia) when weeds are controlled during the first 40 
days either with manual weeding or combined with an application of Uiiobencarb. 

Application of fetilisers is a waste when weed control is not practised. 

^ InteMTopping. This may be with mixed or allQrcroppmg. 

Mixed cropping is sowing a mixture of crop seeds. It is recommended mainly for rain-fed upland 
rice. According to Pande et al. (1994) crops planted with rice include: pigeon pea, millet, yam, 
oocoyam, mdze, soi^glium, cassava, oowpea, groundnut and oknu 

In Tncli;i, Angadi et al. (1993) have achieved good experimental results using mixed crops of 
sunliemp {Crota/aria jwtcca), cowpea {\'i;.:>fa siiK'nsis), so>'beaii [Cjlycinc max) and Sesbania spp. 
with rain-fed rice direct-seeded. Crop seeds w ere mixed with nee seeds and sown in furrows 20 
cm apart combined with one hand-weeding (30 days after rice emergence) or inter-cultivation (15 
days after rice e m ergence) plus hand-weeduig (as indicated previoudy). In all cases diy wdghts of 
weeds were significantly reduced and grain yields were equal to those obtained by fanners using 
hertwades plus one hand-weeding or hand-weedii^ twice during the first month of the crop cydk. 

Alley cropping consists of rice seeding betw een rows of legume hedges. 1 he laiier w hen ready are 
pnined to 60 cm high and cuttings are inonporated in the soil. The maui alley crops used in Afiica 
and Ihdoneaia are Leucaena spp., Sesbania gnmcBflom, Calliandra cahthyrsus and Fkonir^gia 
cangestaQhssdtetaL 1994). This pnictice maintains soOfeTti% and nunimises weed competitioo. 
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h) Water wanagemant. This is important during the early stages of rice growth to oontrol 

weeds. 

Flooding up to 10-15 cm prevents gprminatiofi f£ several weed q)edes. but if floodiqg is 
maintained, some hydrof^tespedes may become a problem. Nonnaliy with deep flooding; grass 

weeds are eliminated, vMit some broadleaf spedes might become a problem. For this reas(Hi 
flooding and drainage are required to minimise the incidence of hydrophyte or hygropt^ weed 
species. 

EdiintxMoa crua-gcdli^ at the 1- to 34eaf stages^ b effixtivdy oraitrolled with a deq) floo(fing 
(more than 10 cm) in broadcast ^rect-seeded rice in Egypt (Hassan a^ 

In tran^ilanted areas with a good water management weeds are a minor problem. 

(ii) Pliysical: Mechanical and manual removal. 

Physical removal is a usefid weed oontrol method paiticulaily for firmeis with a small crop area 
and&wiesources. 

Mai^ farmers complement their weed conirol program with one iiand-weeding. Manual methods 
are tedious costly and labouF-consun^ing. If practised in extenave areas, not less tiian 120 man- 
hours for a su^e weeding in one ha wQl be required. The same is tnie fix* lice seedbedl Kice 

plants could be affected by hand weeding at early stages since many grass weeds are 
indistinguishable from rice seedlings (Fajardo et (d, 1990); beside thi% physical removal is 
impractical durii^ the rainy season. 

There are prototypes of rotocultwators for use in ric^ but some of tiiem are difficult to pudi and 
must be moved back and forth for proper operatioa Recently IRRI has developed some 
mediamcal weeders, such as Push Type Single- or Two Row Cono-VVeeders. These machines 

have conical shaped rotors which create a horizontal back and forth soil movement in the top 3 cm 
of soil uprooting weeds and burv ing them. A single worker can weed twice as much with a Single 
Row Cono Weeder than v»illi conventional rotary weeders, while with the Two Row Type 
productivity is three of four times greater. 

(uO Chemical: Heri»dde application. 

Chemical control is the youngest weed control method. Its development started 50 years ago with 
the post-oneigence application of 2,4-D. At ^sent the use of pestiddes^ uiduding herbiddes, is a 
polonic issue. Agronomists and firmers abeady experienced m tins metiiod daim its usefalne8S» 
i^le the environmentalists consider it a risk to the environment. However, there is no doubt that 
direct-seeded areas have been increased and the use of herbiddes has become essential, particulariy 
in rain-fed upland areas. 

Rational use of herbiddes in small rice areas wUl undoubtetUy save part of tiie Ubour time and 
inputs of anrall fiumers. 



266 



Copyrighted material 



In all cases care is needed whenever fermers use any pesddde. This can be adueved with good 
training programs. 

(iv) Biological: use of natwal enemies or nucrooisanisnis to control apecific tacget weed 
q)edei 

Biological weed control is pooriy developed in rice. 

In Australia, successful experimental results have been obtained with the use of a mycoherbicide 
based on an endeniic fiiiigus to control such weeds as ^/lOTia 

SpnQr inoculation weed seedlings 35 days after sowing resulted in 45% reduction in total plant 
biomass (Cother and Gilbeit 1994). 

Utilisation offish in rice farming system appears to be a sustainable approach for rice cropping and 
also for weed control. In Indonesia, good experimental results have been achieved in irrigated 
lowland rice in rice«fish finning systems (Pane and Fa^ 1992). In this case; fingerlings of the 
common carp and grass carp, at an a\'erage size of 25 g and density of 2000 ha** were released into 
rice-cum-fish plots Subsequently the dr>' weight of weeds was similar to those in hand-weeded 
plots or those treated with MCPA. Good weed suppression was achieved with the combination of 
common carp and grass carp, in particular fur Lepiochloa clvnensis, Fimbristylis miliacea, 
Cypems iria, Sdrpmmori^muavALudwigia spp. The density of these vgooieA dcetuwd 45 days 
after tranqilanting. 

Biological control is likely to be dexeloped more in rice, but will not entirely replace other control 
methods. In rice, a good contribution would be to develop effective biological control agent 
against th^Echinochloa complex. 

(v) Requirements for the hnplemeiitation of Integrated Weed Management 

Integrated weed management (IWNl) does not imply the mere sum of methods described 

above. The point is to implement those methods compatible with rice cropping to effectively 
reduce weed infestations at the time of severe coinpciiiioii Tlicy are to be rationally integrated 
according to weed species present and their density, soil conditions and crop requirements. 

a) Researdt is needed to understand the autecology and interaction of important weed species 
withrioe. 

Germination, emergence, growth and propaguies production of weed species uiuler different 
conditions and growth stages of rice are important factors, to predict weed behaviour and to design 
oontrol methods. 

Economic ilire,shold> of dominant species should also be studied. Such a research is usele.«;s when 
the weed flora is coi^iposed of various species but is useflil when 95% of the weed density is made 
up of one species with a density of < 1 plant m'^. If the population is higher the required action will 
be to apply the contnrf measures. 

Herbicide trials should not only gjve an idea d the effidency of any treatment but also indicate 
resistant weed q;>ecies too. From personal experience of the author good counting of weed species 
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in various trials always gives a good indicaUoii of this. Overall visual assessment of weed dennties 
is not always suitable to this end. 

Nowadays, some weed scientists claim that the use of transgeiw rice plants resi 
spedfum hertMdd^ such » fl^yidiosate wiO hdp to leduce ^ 
This b tni^ Init heibicide resistant q)ecies voU proba^ 

In the opinion of the author, it is better to practise rotational systems i.e. crop rotation and from 
time to time replacement of the herbicide in use to avoid resistance problems. This can be 
aocompGdied ofdy when it is possible to Cbiesee problems. 

Weed research should conduct studies attempting to foresee future problems in the field. Weed 
population changes do not occur in one season. It takes time for the reproduction of resistant weed 
species and their establishment in the field. The lack of regular monitoring is a major reason for the 
magnitiide of dus proUem. 

As Ho et al. (1992) indicated the weed rice ecological relationship is never static and the 
continuous adoption of aiiy particular practice causes a shift in dominance and distribution of weeds 
in rice. Therefore regular weed monitoring is an impoitaiU aid in fornmlating new approaches tor 
weed management in rice. 

In addition, research should be regularly communicated by extensionists. One of the major 
problems in weed management is to advise the use of a weed control treatment for a particular field 
without having any idea of the weed llora or its density .Aj eas representing at least 10% of 
available crop area should be monitored from tune to time to allow rational control decisions. 

b) Extension should also be aware of the ot^otng research. Results fixffli researdi are useful 
oniy when they are transferred to &rmers. 

Farmers are commonly reluctant to introduce new technologies. Normally they believe that new 
technology is economically unaffindable or difiBcult to nnidement Therefore, they should be 
persuaded tfarcxigh a cooiprdiennve training program \xMch should comprise various stq» for 
introduction and diswminatioii of the results. 

Demonstration trials together with the organisation of farmers' field days are required to introduce 
new research results. Details of weed species controlled with new treatments, yield uicreases and 
economic feasibiGly diould be given to ftrmers in an understandable way. Many fiimeis may be 
initerate and extenaonists should be able to transmit messages in the amplest way. Group 
paitidpatioaisbest. 

Usually when the re.^uhs are effective enough and the farmers accept it» thQr, by themselves, will 
help m disscmiiuiing ilie results to other farmers. 

Thb pnwiice is applicable for IFM and IWM. but also Cbr the introduction of other agriadtund 
tedmdo^es. 
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(vi) Constraints to IW'M implementation 

a) A wareness of M eeds 

Weed control is usually neglected by otiicial authonties in many developing countries. In many 
cases the offidab vca^ think that ai^ devebpfnent towards WM will lead to sodal probtems of 
unemploynieot. To accqittiiat hand-weeding is enough for weed control is wnmg. 

For this reason weed research and extension receiv e little attention and financial support in these 
countries. The absence of these regular activities becomes a problem for IWM implementation and 
its improvement. 

Emphasis needs to be focused on bridging the tnfinmation gap between research and ractension, 

monitoring weed infestations, herbicide efiects on weeds, applying decision tools and system 
analysis, as well as implementing extension campaigns on IWM (Ho et al. 1992). In many 
developing countries there is a lack of infrastmcture to develop what is really required. IWM will 
only be developed if weed researcli/extension bodies are either created or strengthened. 

b) Lcaid preparation 

Soil is the main substrate for crop protectioa Methods cuirently practised, sometimes repeatedly 
year by year, may ailect soil fertiliQr. 

Particular attention shoidd be given to upland rice grown in trofucal conditions where sral erosion 
and water loss are major probleros. Inappropriate cropping practices together vnth nanimal use of 
ofganic manure reduce sc^ ieftility. 

Minimum tillage has several economic and environmental advantages. 

Aooordiqg to Pande a£ (1994) this method, already practised in d&net cereals may be used in 
tipland rioe. It consists of q>erai^ a slot through the sod of the prev^ 

seeding. With miiumum soil distuibance seedings carried out and the cover of residues of the 
previous crop will prevent emergence of weeds to some extent, It is best combined band 
application of pre-emergence of early post-emergence selective herbicide, care&il testing of 
herbicides should be carried out locally before widespread use. 

The method preserves organic matter, soil moisture, soil structure and increases water infiltration 
rate It prevents sdl losses due to water and wind erosion and it reduces the eneigy required for 
crop production. 

The major problem with this method is that perennial weeds such as Pa^xdum di:aichum and 
EchirK)diloastagn)nabecomsdotttti^ This will compd&mers to increase tillage fiequen^ to 

minimise w eed incidence for certain periods before coming bade to miiumum tillage. In such a case 
ploughing should be used to drag vegetative weed propagules to the soil sur&ce for fiuther 
desiccation under the effect of wind and sunlight. 

Li lowland areas puddling leads to the formation of hard pans (Pingali and Rospgrant 1994X which 
make it ££Bcutt to grow odier crops in rotation. On one hand the rice crop sufiers due to the poor 
ability of roots to exiract nutrients from the subsoil and toxicities n.iy occur due to the perennial 
wateriogged conditioa On the other hand, poor establishment of short duration wheat in rotation 
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may lake place after puddled ticc. The hard pan may be broken and soil structure improved 
through application of organic matter but the subsequent rice crop will be affected due to reduced 
water holding capacity. 

c) ProbbansreganBng^halackkuse 

From a practical point of view there b another constraint r^arding the refdaoement of rotation of 
herbicides in use. 

In certain developing countries herbicide active ingredients are bouglit and then formulation is 
carried out htiiecountiy. Li tee cases» the refdaceniemb easy when Hinipliettiie same type of 
fonnulatioo i.e. EC (enniilafiable concentrate) by another EC or WP (w 

WP. It is more difficult vy^hen it is the replacement of a granular form since the substrate might be 
changed and this miyln not be locally available The situation is e?ctremely difficult when the 
herbicides are synthcsised and formulated in situ. Tliis may lead to economic problems. 

Hnbiddes in use in rice are mildly toxic conipounds, mai^ of the^ 

in soil, and readily d^gradable in water under the efi'ect of ainotic fectors. Neverthelesa^ in the 
USA, perhaps, the country appliing more herbicides than any other in rice, environmental concerns 
especially water qualiiv, and increasing regulatoiy measures have slowed the development and 
registration of herbicides Ibr rice (l lill et ai 1994). 

An onproved ground application method for heifoicides is still needed for countries where 
apfdic^iocis by aircraft are practised intensivdy. In aerial applications part of the sprayed herbicide 

goes to the atmosphere, only part of it comes down to the ground, meaning that some atmospheric 
contamination takes place, but also thai the herbicide rate required to effectively control the weeds 
is less than that actually sprayed. New, etreciive, less volatile formulations are needed with new 
ground application systems. 
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Copy lighted material 



Rice is the leading staple food crop In the world: one-third of ttie world's population depends on 
rice for nearly two-thirds of its food. Increased rice production is at present a necessity in many 

developing countries, and it can only be achieved by augmenting the yield per unit area and 
adoptir>g highly productive and environmentally viable cropping technologies. Weed incidence 
is one of the ma|or constraints to increased rice production; therefore, the improvement of weed 

management is an equally urgent r>eed. The ma^or emphasis of this book is on an Integrated 
approach to weed management It provides a survey of Vhe current status of weed management 

under various systems around the world. The voIuitm comprises 14 chapters devoted to the 
technical and economic importance of weed management in rice, weed management in different 

rice ecologies and the status of weed management In crops in different regions of the world. 
The biology of major weeds In rice, herbicide resistar>ce and weed ecology are also addressed. 
The book Is aimed at research workers, extension officers and development agents responsible 
for assisting farmers with weed problems in rice. 




